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To the General Court of Massachusetts, 

The resolve of the General Court under which the Board of 
Metropolitan Sewerage Commissioners has made investigations 
into the sanitary needs of the Charles and Neponset River val- 
leys and has prepared designs for a high-level gravity sewer 
for the relief of the south metropolitan sewerage district is as 
follows : — 

[Resolves op 1898, Chapter 4.] 

Resolve relative to a high-level sewer for the relief op 
the charles and neponset river valleys. 

Resolved^ That the board of metropolitan sewerage commissioners 
is hereby authorized and directed to consider and report upon a high- 
level system of sewerage for the Charles and Neponset river valleys. 
It shall be the duty of said board : — First. To designate the por- 
tions of the cities and towns which shall be tributary to and embraced 
in the district to be reported upon, and to define the same in their 
report with plans and maps, and said district and system shall there- 
after be known and designated as the South Metropolitan System. 
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Second. To define and show, by suitable plans and maps, such trunk 
line and main branches as it shall recommend to be constructed, with 
outlet. Third. To consider the various methods of disposal of sew- 
age and the application of such methods to any portion of the terri- 
tory herein mentioned, and to define the methods by which the cities 
and towns, or parts of the cities and towns, may utilize said trunk 
line and main branches as an outlet of a system of sewerage and 
drainage for the cities and towns and said parts of the cities and 
towns, respectively, and to show the same by plans, and maps. 
Fourth. To employ such engineering and other assistance as may be 
necessary for carrying out the objects of this resolve, and to cause 
such surveys and levels to be made as will show on the plans, with 
substantial accuracy, the location and grades of said trunk line and 
main branches, and also such surveys and levels in the cities and 
towns, and parts of the cities and towns, as will enable said board 
to determine the methods by which the cities and towns may respec- 
tively utilize said trunk line and main branches, and to report such 
methods, with plans showing the main lines by which each may so 
provide for itself a system of sewerage with its outlet into said trunk 
line or main branches. Fifth. To define the size and capacity of 
said trunk line and main branches, and the materials of which they 
should be constructed, and the manner of construction, and such 
other particulars as will enable said board to determine the probable 
expense thereof ; and to ascertain and report the cost of the con- 
struction of said trunk line and main branches and outlet. All ex- 
penses incurred by said board under the provisions of this resolve, 
but not to exceed thirty thousand dollars, shall be paid out of the 
treasury of the Commonwealth and shall be assessed by the treasurer 
of the Commonwealth in two annual instalments for the years eigh- 
teen hundred and ninety-eight and eighteen hundred and ninety-nine, 
upon the cities and towns comprised within the said systems, at the 
following rates, the same being the proportions for maintaining and 
operating the said systems made by the apportionment commission 
in its report to the supreme judicial court in the year eighteen hun- 
dred and ninety-six and accepted by said court, to wit : — Boston, 
twenty-seven and twenty-seven one hundredths per cent. ; Brookline, 
eight and twelve one hundredths per cent. ; Dedham, nine and ninety- 
three one hundredths per cent. ; Hyde Park, seventeen and seventy- 
six one hundredths per cent. ; Milton, eight and twenty-five one 
hundredths per cent. ; Newton, fourteen per cent. ; Waltham, ten 
and sixty-nine one hundredths per cent. ; Watertown, three and 
ninety-eight one hundredths per cent. On or before the first day of 
May in the year eighteen hundred and ninety-nine said board of 
metropolitan sewerage commissioners shall make a report to the 
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general court upon the matters herein referred to it, with a bill for 
carrying out any recommendations which it may see fit to make. 
[Approved February 15^ 1898. 

In pursuance of the above resolve, this Board instructed its 
engineer to make detailed surveys, studies and estimates for a 
high-level sewer for the south metropolitan system. 

Mr. Joseph P. Davis of New York, consulting engineer, was 
engaged by this Board to advise in relation to the subject- 
matter of this report. Mr. Davis has been for many years 
familiar with the great municipal works of the metropolitan 
districts of Boston and New York. He was city engineer of 
Boston for several years, and in that capacity designed its sys- 
tem of main drainage. He was consulting engineer for the 
State Board of Health during their investigations for the north 
metropolitan sewerage system. 

Mr. H. W. Clark, chemical expert of the State Board of 
Health, and in charge of the experiment station at Lawrence, 
was engaged by this Board to examine into the physical and 
chemical conditions resulting from the discharge of sewage at 
Moon and Deer islands, and to determine the probable effect of 
discharging the sewage of the south metropolitan system into 
the harbor at Moon Island, or elsewhere. 

The valleys of the Charles and Neponset rivers embrace an 
area of about 390 square miles, and have a present population 
of about 600,000 people, or nearly one-quarter of the entire 
population of the State. The upper portions of the valleys, 
above Waltham in the Charles River and above Hyde Park and 
Dedham in the Neponset, are distinctly rural, and the sewerage 
problem for these upper districts is not likely to become impor- 
tant. This Board was directed, by chapter 439 of the Acts of 
1889, chapter 406 of the Acts of 1895, and acts in amendment 
thereof, to construct and maintain intercepting sewers in the 
Mystic, Charles and Neponset River valleys. In arranging the 
tributary districts of these intercepting sewers, Charlestown, 
Cambridge, Somerville and Belmont were made parts of the 
north metropolitan sewerage system, although a large portion 
of the territory of each is situated in the natural water-shed of 
the Charles River. These portions of the Charles River valley 
are consequently excluded from consideration in this report, and 
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the investigations under the above resolve have therefore been 
confined to the remaining lower or metropolitan sections of the 
valleys. The south metropolitan sewerage district recommended 
embraces Waltham, Newton, Watertown, Brighton, Brookline, 
Dedham, Hyde Park, Milton, Quincy, parts of Boston, West 
Roxbury and Dorchester, substantially as outlined in the maps 
accompanying this report. 

The Boston Main Drainage Works. 

The city of Boston constructed within this metropolitan 
area, from 1877 to 1884, an extensive system of sewage-dis- 
posal works, called the Boston main drainage works, compris- 
ing intercepting sewers, pumping station, reservoir and an 
outlet at Moon Island leading to the waters of the outer harbor. 

The territory which was to be tributary to these works is 
bounded by Charles River, Boston Harbor, Neponset River and 
Mother Brook and includes an area of about 58 square miles. 
The lower portion of this territory, comprising about 12 square 
miles, was to be permanently tributary to the low-level main 
intercepting sewer and pumping station. The higher portion, 
comprising about 46 square miles, was to be tributary to a high- 
level sewer, to be built in the future, which would convey this 
sewage by gravity to the outfall sewer, and avoid the necessity 
for pumping the sewage from this large district. The capacity 
of the low-level pumping system was made sufficient to provide 
for the sewage from about 3 square miles of the higher district, 
which might require sewerage before the high-level sewer should 
be built, in addition to the 12 square miles of the lower district. 

The metropolitan intercepting sewers in the Charles and 
Neponset River valleys, constructed under the authority above 
mentioned, now discharge into the Boston main drainage works, 
and large annual rentals have been paid by the Commonwealth 
to the city of Boston for the disposal of the sewage from these 
metropolitan districts ; for the Charles River district since 1894 
and for the Neponset district since 1897. 

The territory whose sewerage systems, so far as they are 
developed, are now tributary to the Boston main drainage works 
comprises an area of about 121 square miles. This is about 
double the area which these works were intended ultimately to 
serve. The reports of the engineers show that the works are 
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now surcharged in times of storm. The officials in charge of 
the sewer division of the street department have already recog- 
nized the need of relief. The report of the superintendent of 
streets for 1896 contains the following statements : — 

It has always been considered a part of the scheme for intercepting 
the sewers of Boston that a " high-level " sewer would be built which 
would intercept the sewage from the high streets in the interior of 
the suburbs and carry it direct by gravity to Moon Island without 
the expense of pumping it up (page 329). 

The city should proceed with the designing and constructing of 
what is known as the high-level sewers, which were advocated at the 
time that this plant was put in, so as to relieve the pumps (page 363) . 

The Proposed High-level Gravity Sewer, 

During the past year the engineer of the Board has made 
careful and detailed studies of projects for a high-level gravity 
sewer for the south metropolitan system, including one with 
an independent outlet oflf Nut Island. His report is hereto 
appended and is made a part of this report. It is respectfully 
recommended to your careful consideration. The consulting 
engineer, Mr. Davis, has examined and approves the work, 
report and recommendations of our engineer, and his report 
is appended and is made a part of this report. 

The high-level sewer contemplated by the above-mentioned 
resolve and now described in this report will give relief to 
the Boston main drainage works. The system herein described 
is, however, more comprehensive than the high-level system 
suggested in the early reports for the Boston main drainage 
works, and is adapted to the wants of the district as they are 
now understood, with the added experience of more than twenty 
years since the preliminary investigations were made for those 
works. 

The high-level sewer will drain territory in Suffolk, Norfolk 
and Middlesex counties, already drained in part by the existing 
Charles Eiver and Neponset valley metropolitan sewers now 
constructed and operated by this commission under the authority 
of the Commonwealth. These metropolitan sewers will form 
an integral part of the south metropolitan system, of which the 
high-level sewer is to be the outlet. The entire system should 
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be under one management, and it therefore seems proper that 
the high-level sewer and its appurtenances should be constructed 
and operated by the Commonwealth in the manner adopted for 
the other intercepting sewers in this vicinity draining metro- 
politan districts. 

The high-level gravity sewer should meet the needs of the 
district until about the year 1940. The population residing 
on the high-level and low-level drainage areas at that time is 
estimated at about 1,550,000 persons. It does not seem desir- 
able that the sewage from so large a population should be 
concentrated at the Moon Island outlet. The dispersion and 
diffusion of the sewage into the waters of the outer harbor 
would be much more rapid and effectual if the sewage should 
be discharged at more than one outlet. It has therefore seemed 
advisable to lead the high-level sewer to an outlet at some 
other point, leaving Moon Island for the future expansion of 
the reservoirs and outfall works belonging to the low-level 
system, which the Boston main drainage pumping system 
should now be called. 

The Outlet Hecommended. 

The chemical expert, Mr. H. W. Clark, has examined into the 
physical and chemical conditions resulting from the discharge 
of sewage at Moon Island and Deer Island, and has deduced 
from them conclusions regarding a discharge of sewage into the 
deep and powerful tidal currents near Peddock's Island. 

A satisfactory position for the outfall of the high-level 
sewer has been found in the large tidal currents near the west- 
erly end of Peddock's Island. The volume of this current 
during the ebb tide is about three times that which now receives 
the sewage discharged at Moon Island, and its velocity and 
reach are considerably greater. 

Sewage could be discharged into this current from a reser- 
voir situated on the westerly end of Peddock's Island, but the 
most economical and advisable method of conveying sewage 
into the tidal currents near the westerly end of Peddock's Island 
is by means of lines of submerged iron pipes leading northerly 
from Nut Island to an outlet at the bottom of the channel. 

The volume of the tidal current near the south-westerly end 
of Peddock's Island is found to be nearly as great as that near 
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Deer Island, where a continuous discharge of sewage from the 
north metropolitan system was recommended by the State 
Board of Health in 1889. This outlet has been in operation 
about four years, with results which are highly satisfactory, and 
equally satisfactory results are expected from it in the future. 

The examinations of our engineers and chemical experts 
coincide in showing that the continuous discharge of sewage 
into these currents, at the location shown on Plate 5, would 
be satisfactory for a long series of years, if not perpetually. 
Should it be found, after the experience of some years, that 
better results could be attained if the sewage should be stored 
in a reservoir during a portion of the flood tide, it would then 
be practicable to construct such a reservoir on Peddock's Island, 
to which the sewage would be conveyed by independent lines 
of pipes from the gate-house on Nut Island. Such a reservoir 
would have discharge channels leading northerly to the tidal 
current. 

The diffusion of the sewage into the waters of the harbor 
would be more rapid if it were discharged continuously in a 
stream of moderate size, instead of from a reservoir ; as by the 
latter method the sewage of nearly half a day would be dis- 
charged in bulk in a very short time, and its diffusion would 
become more difficult. In consideration of this, and of the 
very favorable reports from our engineers and chemist concern- 
ing a continuous discharge of sewage into the strong currents 
near Peddock's Island, and also in consideration of the success- 
ful operation of the continuous discharge of sewage from the 
Deer Island outlet, this Board recommends the method of con- 
tinuous discharge into these currents as safe and proper for the 
high-level sewer. 

Description of the Proposed Works, 

The works comprising the high-level system are described 
very fully in the report of the engineer. The outlet would 
consist of lines of cast-iron pipes laid beneath the bottom of 
the harbor and covered over for protection. Two lines of 
60-inch pipes would be laid at first. This number might be 
increased in the future. The works at Nut Island would com- 
prise a screen house, gate chamber and sand-catcher. The 
purpose of these structures is to regulate the flow of sewage, 
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and to remove any substances that might cause trouble in the 
pipes, or make deposits in the harbor. 

The route proposed for the high-level sewer is shown on 
Plate 4. After passing through Quincy, it would follow the 
valleys of the Unkety and Pine Tree brooks in Milton to the 
easterly end of Hyde Park, where the Neponset valley metro- 
politan sewer would be intercepted. It would then be carried 
through the divide to the valley of Stony Brook, and, follow- 
ing the west side of this valley, would pass north-east of 
Jamaica Pond to the junction of Castleton and Catalpa streets 
in West Roxbury, The sizes and elevations of the high-level 
sewer are given in the report of the engineer. 

The sewage of the Charles River valley metropolitan sewer 
would be intercepted at Ruggles Street, and the slope of the 
metropolitan sewer between Ruggles Street and Gainsborough 
Street would be reversed. A connecting sewer, pumping sta- 
tion and force main leading to the high-level sewer would be 
constructed, and the sewage from the Charles River valley 
would be pumped about 40 feet to the high-level sewer, the 
capacity of which has been made sufficient to receive this sewage. 

The sewage from a small district in Dorchester and Milton, 
forming the lower part of the metropolitan district in the Ne- 
ponset valley, having an area of about 3.8 square miles and a 
population now somewhat scattered, would remain tributary to 
the Boston main drainage works until the volume of sewage re- 
ceived at those works becomes so great as to make it necessary 
to exclude outlying districts which are near other outlets. 

The districts which would be left permanently tributary to 
the main drainage pumping station at Old Harbor Point would 
include Boston proper, South Boston, and territory in Rox- 
bury, West Roxbury and Dorchester. It would comprise the 
low districts of Boston which are not now tributary to the ex- 
isting metropolitan sewers, and would have an area of about 
12 square miles. This area is the same in amount as that men- 
tioned in the preliminary report of the Boston main drainage 
works as belonging specifically to the low-level system. The 
language of that report in regard to this is: '*The commis- 
sioners,* in their report, assume that most of the territory above 

* Boston Sewerage Commission, 1875, consisting of E. S. Chesbrough, C.E., Moses 
Lane, C.E., and Charles F. Folsom, M.D. (City Doc. No. 3, 1876.) 



1899.] AND NEPONSET RIVER VALLEYS. 11 

grade forty can eventually be drained by a high-level intercept- 
ing sewer by gravity alone without the need of pumping. This 
leaves about 12 square miles below grade forty to be drained by 
our present low-level intercepting scheme." (City Doc. No. 
70, 1877.) 

The anticipated population of these districts in the year 1940 
amounts to 564,000 persons, and the maximum flow of sewage 
from them in 1940, including an allowance for storm water, is 
estimated at about 169,200,000 gallons per day; and this will 
fully equal the ultimate capacity of the low-level pumping sys- 
tem of the Boston main drainage works. 

Quirwy Sewerage. 

The city of Quincy has recently commenced the construction 
of a system of sewers, and built a pumping station and force- 
main to raise the sewage to the outfall sewer of the Boston 
main drainage works, which is to be used as the outlet for the 
Quincy sewage under a contract with the city of Boston. 

After the completion of the high-level sewer, the sewerage 
system of Quincy could be divided into two districts. The 
sewage from the upper district would reach the high-level 
sewer by gravity. That which would need to be pumped to the 
high-level sewer could be raised by the pumping plant already 
installed to pump the Quincy sewage to the Boston outfall 
sewer. This sewage would need to be raised about 30 feet to 
flow into the Boston main drainage system when the reservoir 
at Moon Island is full. The lift to the proposed high-level 
sewer with outlet from Nut Island would be about 18 feet. 
All the large pumping plants connected with the metropolitan 
sewerage systems are the property of the Commonwealth, and 
it would seem expedient that the pumping plant of the city of 
Quincy should also belong to the Commonwealth. The sum of 
$100,000 has been included in the estimated cost of the high- 
level sewer to cover this purchase. 

Cost of the Proposed High-level System, 

The cost of the high-level system with a reservoir and dis- 
charge channels would be about the same, from $5,250,000 to 
$5,500,000, whether the outlet were placed at Moon Island or 
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at Peddock's Island, and the annual charges for maintenance 
and operation would be about $37,500 at either place. 

The cost of the high-level system, with a continuous dis- 
charge into the strong currents near Peddock's Island, by pipes 
leading from Nut Island, is estimated at about $4,600,000, 
and the annual charges for maintenance and operation at about 
$29,000. The cost of the high-level sewer with an outlet off 
Nut Island would be about $945,000 less than its cost with 
intermittent discharge from reservoirs on Peddock's Island. 
But this is not the entire saving. The annual cost of operating 
and maintaining a reservoir would be about $10,000, which at 3 
per cent, would be the interest of $333,333. This capital would 
be saved by omitting the reservoir, and the grdss capitalized 
saving effected by placing the outlet off Nut Island with con- 
tinuous flow is therefore about $1,278,000. These reservoir 
and outfall works must be enlarged from time to time to pro- 
vide for increasing quantities of sewage, and this capitalized 
difference of cost would be thereby increased. 

Estimated Annual Expenses, 

An estimate has been made of the expenses of the south 
metropolitan system during the year 1910. This year is taken 
to represent the average annual expenses of the system during 
the decennial period from 1905 to 1915 ; and a comparison has 
been made between them and the expenses which would result 
from continuing the payment of a rental to the city of Boston 
for the disposal of the sewage of the Charles River and Nepon- 
set metropolitan sewerage districts. The above decennial 
period has been taken because it appears to be the first for 
which such a comparison could be made, as it would be some 
years before the high-level system could be constructed and 
put in operation. 

The expenses of this system for the year 1910 are estimated 
as follows : — 

Interest and sinking fiin^ charges, about, . . . $224,400 
Maintenance and operation, 29,000 

Total charges for 1910, $253,400 

It seems probable that for purposes of assessments the en- 
tire south metropolitan system would be treated as a whole by 
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apportionment commissions. K the expenses of this system 
are apportioned among the municipalities composing the dis- 
trict on the bases used by former apportionment commissions, 
namely, the interest and sinking fund charges on the basis of 
valuation and the maintenance charges on the basis of popula- 
tion, the amounts that would be charged against the cities and 
towns included in the present Charles and Neponset metropol- 
itan districts would be as follows : — 

The aggregate valuation of these cities and towns in the 
present Charles and Neponset metropolitan districts is about 
71.73 per cent, of the valuation of the south metropolitan dis- 
trict, and their aggregate population is about 68.14 per cent, 
of the population of that district ; they may therefore be called 
upon to pay these percentages of the interest and sinking fund 
charges and the maintenance charges respectively. 

The total amount of the expenses that the existing Charles 
and Neponset metropolitan sewerage districts might be called 
upon to pay in 1910 may therefore be as follows : — 

For interest and sinking fund, 71.73 per cent, of $224,400, $160,962 
For maintenance, 68.14 per cent, of $29,000, . . . 19,760 



Total, $180,722 

The remainder, $72,678, of the expenses for the year 1910 
would be paid by districts tributary to the high-level sewer, 
but not now included in the Charles and Neponset metropoli- 
tan sewerage districts, viz., portions of Roxbury, West Rox- 
bury, Dorchester and the city of Quincy. 

The total annual charge in the south metropolitan district for 
the year 1910 may be divided somewhat as follows : — 

Boston, including areas in present Charles and Neponset 

metropolitan districts, $106,190 

Charles and Neponset valleys, excluding Boston, . . 133,060 
Quincy, 14,150 

Total, $263,400 

The above estimated expense to the city of Quincy in the 
year 1910, as part of the south metropolitan system, is not 
probably greater than the expense that would come to the city 
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of Quincj in 1910 under the existing contract with the city of 
Boston for the disposal of the Quincy sewage. 

The amount to be asked as rental by the city of Boston in the 
year 1910 for the disposal of the sewage of the existing Charles 
River and Neponset metropolitan districts is given in the 
annual report of the street department for 1896 (page 362) as 
$102,000. This amount was based upon a valuation of about 
$5,000,000 for those portions of the Boston main drainage 
works used by the Charles and Neponset metropolitan sewerage 
systems ; but their cost is to be increased about $500,000 for 
new reservoirs and other works at Moon Island already in proc- 
ess of construction, and it is probable that this, with the cost 
of the new pumping plant, may raise the valuation to $6,000,- 
000, and that the rental for 1910 might be increased to about 
$112,000. This estimate, however, rests upon the assumption 
that the capacity of the Boston main drainage works would in 
other respects be equal to the handling of the sewage until the 
year 1910, which is not likely to be the case. The city officials 
stated in 1896 that the city of Boston should proceed to con- 
struct a high-level sewer to relieve the pumps. Such addi- 
tional outlay by the city would greatly increase any charge for 
rental based upon the valuation of the works. 

Using the figures for rental given above, the expenses of the 
Charles River and Neponset valleys for the year 1910 would be 
as follows : — 

Rental, $112,000 

Interest and sinking fund, 61,130 

Maintenance, 5,000 

Total, $181,130 

The expense to the Charles River and Neponset valleys for 
the south metropolitan system in 1910 is estimated at $180,- 
722. This is not materially different from the expense in that 
year, if the rental system could be continued until that time. 
The construction of the high-level sewer by the Commonwealth 
would present the great advantage that the district would own 
the system at the end of forty years, instead of being obliged 
to continue the payment of rental perpetually. 

Although the expenses to the Charles River and Neponset 
valleys are about the same in the above comparison, there would 
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be about $20,000 more paid into siDking funds in each year 
of this decennial period in the case of the south metropolitan 
system than in the case of continued rental. This would be a 
relative saving, as the money would be paid for a permanent 
investment instead of rent. 

Accompanying this report is a draft of the bill called for in 
the resolve, for carrying out the recommendations of this re- 
port. 

The questions referred to this Board by the resolve have been 
examined with great care. The conclusions reached are based 
upon expert investigations. The necessity for at once provid- 
ing relief for the congested condition of the Boston main drain- 
age works and an outlet for the rapidly increasing volume of 
sewage of the south metropolitan district cannot be too strongly 
urged. Your Board feels that it has outlined a method of re- 
lief that will be eflfectual, and consistent with the proper treat- 
ment of the sewerage problems of this great district. This relief 
may be obtained at a reasonable cost, considering the wealth 
and population of the municipalities to be beneiSted. 

• • V 

HOSEA KINGMAN, 
TILLY HAYNES, 
GEORGE A. KIMBALL, 

Metropolitan Sewerage Commissioners, 

m m f » , 

Boston, Feb. 11, 1899. 
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Expenses of Investigations tor High-level, 
Seweb for Relief of Charles and Nepon- 
SET River Yallets. 



Appropriation made in 1898, .... $30,000 

Salaries of commissioners, engineers, experts 
and assistants, $17,201 75 

Travelling expenses, 899 45 

Engineering instruments, office supplies and 
incidental expenses, 877 71 

Miscellaneous supplies for surveying and bor- 
ing parties, 483 19 

Boats and other supplies for hydrograpMc sur- 
vey, 481 53 

Laborers and boatmen for boring and hydro- 
graphic works, 4,355 74 

Printing maps and report, .... 1,878 59 

$25,677 96 
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AN ACT 

To PROVIDE rOR THE BuiLDING, MAINTENANCE AND 

Operation of a High-level Sewer for the 
Relief of the Charles and Neponset River 
Yalleys. 

Be it enacted^ e^c, <Z8 follows : 

Sectiox 1. The board of metropolitan sewerage commissioners^ 
constituted under the authority of chapter four hundred and thirty- 
nine of the acts of the year eighteen hundred and eighty-nine shall, 
for the purpose of constructing, maintaining and operating a system 
of sewage disposal for the south metropolitan system as hereinafter 
defined, construct, maintain and operate such main sewers and other 
works as shall be required for a system of sewage disposal for said 
district in substantial accordance with pjans outlined in a special 
report of said board to the legislature of eighteen hundred and 
ninety-nine. Said board, for the purposes aforesaid, may make all 
contracts necessary for the construction of the sewers and works 
aforesaid, and may, where deemed advisable, caiTy on said con- 
struction by day labor. 

Section 2. The south metropolitan system shall include the pres- 
ent Charles river valley metropolitan sewerage district, comprising 
a portion of Boston, the cities of Newton and Waltham and the 
towns of Watertown and Brookline; the present Neponset valley 
metropolitan sewerage district, comprising a portion of Boston and 
the towns of Dedham, Hyde Park and Milton; also Quincy and 
such portions of Dorchester, Roxbury and "West Roxbury as are not 
included in the present metropolitan sewerage areas and which are 
so situated as to* be drained into the proposed high-level sewer sub- 
stantially as outlined on maps contained in the special report of the 
metropolitan sewerage commissioners to the legislature of eighteen 
hundred and ninety-nine. 

Section 3. Said board acting on behalf of the Commonwealth 
may take by purchase or otherwise any lands, water-courses, rights 
of way or easements, and may take by purchase or othervrise or 
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enter and use any existing sewers or parts of sewers necessary for 
the carrying out under the provisions of this act of the recommenda- 
tions of said metropolitan sewerage commissioners contained in its 
said report. When any lands, water-courses, rights of way or ease- 
ments, or any sewers or parts of sewers are so taken or entered 
and used in any manner other than by purchase or agreement, said 
board shall within thirty days of said taking or entering and using 
cause to be recorded in the registry of deeds for the county or 
district in which such lands, water-courses, rights of way or ease- 
ments, or sewers or parts of sewers lie, a description of the same as. 
certain as is required in a common conveyance of land, with a state- 
ment of the purpose for which the same is taken or entered and used, 
which description shall be signed by a majority of said board ; and 
the fee of the lands, or if an easement or other estate less than the 
fee therein be specified and described in the deed of purchase or the 
description and statement of taking to be recorded as aforesaid such 
easement or estate therein as is so specified and described and the 
water-courses, rights of way or easements, or sewers or parts of 
sewers so taken or purchased shall vest in the Commonwealth, which 
shall pay, in the manner hereinafter described, all damages that shall 
be sustained by any person or corporation by reason of such taking 
or entering as aforesaid. Such damages are to be agreed upon by 
said board and the person or corporation injured ; and if the parties 
cannot agree a jury in the superior court of the county in which the 
property taken or damaged is situated may be had to determine the 
same in the same manner as a jury is had and damages are deter- 
mined in the case of persons dissatisfied with the estimate of dam- 
ages sustained by the laying out of ways in the city of Boston: 
provided^ however^ that no suit for such damages shall be brought 
after the expiration of two years from the date of the recording of 
the taking or entering as herein required. 

Section 4. Said board may, for the purposes aforesaid, carry and 
conduct any sewer by it to be made and constructed under or over 
any water- course, or any street, turnpike road, railroad, highway or 
other way in such manner as not unnecessarily to obstruct or impede 
travel thereon ; and may enter upon and dig up any such road, street 
or way for the purpose of laying sewers beneath the surface thereof 
and for maintaining and repairing the same ; and in general may do 
any other acts and things necessary or convenient and proper for the 
purposes of this act. In entering upon and digging up any such 
road, street or way of public travel it shall be subject to such reason- 
able regulations as may be made by the mayor and aldermen or 
selectmen of the cities and towns respectively wherein such works 
shall be performed. 
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Section 5. Whenever said board shall dig up any road, street or 
way, as aforesaid, it shall so far as practicable restore the same to as 
good order and condition as the same was in when such digging com- 
menced. And the Commonwealth shall at all times indemnify and 
save harmless the several cities and towns within which such roads, 
streets or ways may be against all damages which may be recovered 
against them respectively, and shall reimburse to them all expenses 
which they shall incur by reason of any defect or want of repair in any 
road, street or way caused by the construction of any of said sewers, 
or by the maintaining or repairing of the same : provided^ that said 
board shall have due and reasonable notice of all claims for such dam- 
ages or injury and opportunity to make a legal defence thereto. 

Section 6. Said board may also alter or change the course or 
direction of any water-course, or may with the consent of the mayor 
and aldermen of cities or selectmen of towns alter or change the 
location or grade of any highway, townway, public street or way of 
travel crossed by any sewers constructed under the provisions of this 
act, or in which such sewers may be located. 

Section 7. Said board shall at all times keep full, accurate and 
complete accounts of its receipts, expenditures, disbursements, 
assets and liabilities, and shall include an abstract of the same in its 
annual report to the general court. 

Section 8. Any city or town within whose limits any main sewer 
shall have been constructed under the provisions of this act shall 
connect its local sewers with such main sewer, subject to the direc- 
tion and control of said board, and any person, firm or corporation 
may, subject to the direction, control and regulation from time to 
time of said board, and subject to such terms, conditions and regu- 
lations as each city or town may prescribe, connect private drains 
with said main sewer. The sewerage systems of all drainage areas, 
not now sewered, in the south metropolitan system, which are con- 
structed after the passage of this act shall be in accordance with the 
so called separate system of sewerage. 

Section 9. Any person or persons who shall wantonly or mali- 
ciously destroy or injure any sewer or other property, held or used 
by said board by the authority and for the purposes of this act, shall 
forfeit and pay to the Commonwealth three times the amount of the 
damages that shall be assessed therefor, to be recovered by any 
proper action. And every such person or persons may, on complaint 
or indictment and conviction of either of the wanton or malicious 
acts aforesaid, be punished by a fine not exceeding one thousand 
dollars and imprisonment not exceeding one year. 

Sbction 10. Said board may from time to time, and at public or 
private sale as they may deem best, dispose of any property, real or 
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personal, no longer needed for the construction, maintenance or 
operation of the sewers authorized by this chapter : provided, fixmh 
ever^ that such sale shall not impair the maintenance and operation 
of said sewers. 

Section 11. Real estate so sold may be conveyed, subject to 
such easements, reservations and restrictions as said board may 
deem necessary to secure the maintenance, renewal and operation 
of said sewers, by deed duly executed by said commissioners on 
behalf of the Commonwealth with or without warranty. 

Sbction 12. The net proceeds of such sales, after deducting all 
necessary expenses incurred thereby, shall be paid into the treasury 
of the Commonwealth and shall be credited to and form a part of the 
fund to be used in construction or maintenance of said sewers. 

Section 13. Any money which may be collected or received by 
the treasurer and receiver general of the Commonwealth from checks 
deposited with said board by bidders for work, and by said board 
declared forfeited, and any sums collected or received by said 
treasurer and receiver general for breach of any contract made with 
said board, shall be applied to the payment of interest upon the loan 
issued under the authority of this act. 

Section 14. To meet the expenses incurred under the provisions 
of this act for the construction of the sewerage works recommended, 
the treasurer and receiver general shall, with the approval of the gov- 
ernor and council, issue from time to time scrip or ceiijificates of 
debt, in the name and behalf of the Commonwealth and under its 
seal, to an amount not exceeding four million, six hundred thousand 
dollars, for a term not exceeding forty years from the date hereof. 
Said scrip or certificates of debt shall be issued as registered bonds 
or with interest coupons attached, and shall bear interest not exceed- 
ing four per cent, per annum, payable semi-annually on the first 
days of March and September in each year. Said interest and scrip 
or certificates shall be payable, and when due shall be paid, in gold 
coin or its equivalent. Said scrip or certificates of debt shall be 
designated on the face thereof, South Metropolitan Sewerage Loan ; 
shall be countersigned by the governor and shall be deemed a pledge 
of the faith and credit of the Commonwealth, redeemable at the time 
specified therein in gold coin or its equivalent, and shall be sold and 
. disposed of at a public auction, or in such other mode, and at such 
times and prices, and in such amounts and at such rate of interest, 
not exceeding four per cent, per annum, as the treasurer and receiver 
general with the approval of the governor and council shall deem for 
the best interest of the Commonwealth. The treasurer and receiver 
general shall on issuing any of said scrip or certificates of debt 
establish a sinking fund and apportion thereto from year to year an 
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amount sufficient with its accumulations to extinguish the debt at 
maturity. But in such apportionment of a sinking fund the assess- 
ment shall be at the rate of one eightieth part of the whole amount 
in each of the ^st ten years, one sixtieth part in each of the second 
ten years, one thirtieth part in each of the third ten years, and the 
remainder equally divided in the next ten years. Any premium 
realized in the sale of said scrip or said certificates of debt shall be 
applied to the payment of the interest on said loan as it accrues. 

Section 15. The expense for the construction of the Charles river 
system incurred under chapter four hundred and thirty-nine, acts of 
eighteen hundred and eighty-nine, and the expense for the construc- 
tion of the Neponset river system incurred under chapter four hundred 
and six, acts of eighteen hundred and ninety-five, and acts in amend- 
ment thereof, shall be assessed upon the cities and towns of the south 
metropolitan district as hereinafter provided. 

Section 16. The supreme judicial court sitting in equity shall, on 
the application of said board after notice to each of the cities and 
towns hereinbefore named, appoint three commissioners, who shall 
not be residents of any of the cities or towns mentioned in this act, 
who shall after due notice and hearing and in such manner as they 
shall deem just and equitable determine the proportion in which each 
of the cities and towns hereinbefore named shall annually pay money 
into the treasury of the Commonwealth for the term of five years 
next following the year of the first issue of said scrip or certificates, 
to meet the interest and sinking fund requirements for each of said 
years as estimated by said treasurer, and to meet the cost of main- 
tenance and operation of said system for each of said years, as esti- 
mated by the said board and certified to said treasurer, and any 
deficiency in the amount previously paid in, as found by said treas- 
urer, and shall return their award into said court ; and when said 
award shall have been accepted by said court the same shall be a 
final and conclusive adjudication of all matters herein referred to 
said commissioners and shall be binding on all parties. 

Section 17. Before the expiration of said term of five years and 
every five years thereafter other commissioners, who shall not be 
residents of any of the cities or towns mentioned in this act, shall be 
appointed as aforesaid, who shall in such manner as they deem just 
and equitable determine the proportion in which each of said cities 
and towns in each of said systems shall annually pay money into the 
treasury of the Commonwealth as aforesaid for the next succeeding 
term of five years, and shall return their award into said court ; and 
when said award shall have been accepted by said court the same 
shall be a final and conclusive adjudication of all matters herein re- 
ferred to said commissioners and shall be binding on all parties. 
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Section 18. The amoant of money required each year from each 
such city and town to meet the interest, sinking fund requirements 
and cost aforesaid for that system in which it is included for each 
year, and deficiency, if any, shall be estimated by said treasurer in 
accordance with the proportion determined as aforesaid, and shall be 
included in and made a part of the sum charged to such city or town, 
and be assessed upon it in the apportionment and assessment of its 
annual state tax, and said treasurer shall in each year notify each 
such city and town of the amount of such assessment, which amount 
shall be paid by the city or town into the treasury of the Common- 
wealth at the time required for the payment and as a part of its state 
tax. 

Section 19. The clerk of the board of metropolitan sewerage 
commissioners, or such other person as said board may designate, 
may have advanced to him from the money in the treasury of the 
Commonwealth received from the loan hereinbefore authorized, such 
sums, not exceeding ten thousand dollars at any time, as the auditor 
may certify to be necessary to enable said board to make direct pay- 
ment upon its pay rolls and other accounts. The person so desig- 
nated by said board shall give a bond with sufficient sureties, to be 
approved by the auditor of the Commonwealth, in the sum of ten 
thousand dollars. 

Section 20. As soon as may be after expending such advance, 
and in any case within thirty days from the receipt thereof, the 
* officer who has received money of the Commonwealth under the pro- 
visions of the preceding section shall file with the said auditor a 
statement in detail of the sums expended subsequent to the previous 
accounting, approved by said board, and, where it is practicable to 
obtain them, receipts or other like vouchers of the persons to whom 
the payments have been made. 

Section 21. The supreme judicial court shall have jurisdiction in 
equity to enforce the provisions of this act, and shall fix and deter- 
mine the compensation of all commissioners appointed by said court 
under the provisions hereof. . 

Section 22. This act shall take effect upon its passage. 



1899.] AND NEPONSET RIVER VALLEYS. 23 



EEPORT OF THE CONSULTING ENGINEER. 



New York, N. Y., Feb. 1, 1899. 
HOSEA KiKGMAK, TiLLY HaYKES, GeORGE A. KiMBALL, 

Metropolitan Sewerage Commissioners, 

Gentlemen : — In compliance with your request, I respect- 
fully submit the following statement of my views regarding the 
project of your chief engineer, Mr. Brown, for a system of inter- 
cepting sewers for and the disposal of the sewage of the high- 
level division of the south metropolitan sewerage district. 

Mr. Brown has furnished me from time to time, as they were 
completed, maps and profiles showing the proposed location and 
dimensions of the sewers and tunnels, the l^orings, depths of 
excavation, etc., and a copy of the report, with maps, of his 
assistant, Mr. Smith, upon float experiments in the harbor ; of 
the report of the chemist, Mr. Clark, upon the degree and area 
of pollution of the harbor waters caused by the present discharge 
of sewage at Moon and Deer islands ; copies of reports by him- 
self upon special subjects, and a copy of his final report. 

With him I have examined the route proposed for the main 
sewer through most of the territory with which I had not already 
become familiar by examinations made in former years, and have 
inspected the outlets of existing systems at Moon and Deer 
islands during times of sewage discharge, and also the site of 
the proposed outlet near Peddock's Island. • 

As marked out by him, the south metropolitan sewerage dis- 
trict, including the main drainage or low-level division, con- 
tains cities and towns covering an area of 121 square miles. 

He estimates that in 1940 the population in the entire district 
may be 1,550,000 ; and, for the purpose for which he uses it, 
this estimate does not appear to me to be too large. 

He assigns an area of about 109 square miles, with a popula- 
tion of 986,000, to the high-level division of the district ; and 
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an area of 12 square miles, with a population of 5649OOO, to the 
low-level division (main drainage). 

At the time the main drainage works were planned, the car- 
rying capacity of the low-level division was based upon the 
quantity of sewage, as then estimated, that would be furnished 
by a population of 600,000 people and \ inch rainfall in twenty- 
four hours on an area of 15 square ipiles. 

In estimating the required capacity, it was assumed that the 
sewage, exclusive of rain water, would not exceed, as a daily 
average, 75 gallons per person. 

The quantity of dry- weather sewage is somewhat greater than 
the quantity of the water supply. The latter at that time was, 
in Boston, about 80 gallons per head per day ; but there were 
good grounds for belief that the consumption would be brought 
down to and kept at less than 70 gallons per head. Instead, 
however, it has increased to upwards of 100 gallons per head, 
and, so far as can be foreseen, is likely within a few years to 
largely exceed even this figure. 

Mr. Brown, therefore, in drawing the line between the terri- 
tory of the high-level system and that of the fow-level, has very 
properly reduced the area of the latter below that for which the 
works were designed, and it may be found advisable in the future 
to make still further reduction. 

To determine the capacity to be given a system of sewers, it 
is necessary to estimate the maximum rate of flow — which will 
occur in times of rain at some future period. For the south 
metropolitan district Mr. Brown places it at 300 gallons per 
head per day in 1940, and in his report gives his reasons for so 
doing, at some length. 

For intercepting sewers that are to receive the sewage from 
a territory the greater part of which is, or will be, sewered 
upcfn the separate system, this rate, at first thought, may appear 
too large ; but after studying the question with care, and con- 
sidering the possibility that at some future time a greater area 
and population than now contemplated may be made tributary 
to the system, I believe that the high-level sewers should be 
proportioned for a flow at the rate of 300 gallons per head per 
day. 

Mr. Brown recommends that the sewage be discharged into 
the harbor at a point near the south end of Peddock's Island, 
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and that the discharge be continuous. The choice of location 
for an outlet lies between this point and the one at Moon 
Island. 

The discharge of sewage into the waters of a frequented har- 
bor should be so made that the sewage will be quickly lost to 
the senses and even to chemical tests. This may be done by 
making the discharge into quick currents of large volumes, 
where the sewage will be soon dispersed and undergo great 
dilution. 

The observations and analyses of Mr. Clark show that a dis- 
charge of 40,000,000 gallons per day in the current of the 
main channel near Deer Island causes a visible pollution of 
comparatively limited area, and that in a run of about a mile 
the sewage becomes so dilute as to be practically lost to chem- 
ical test; also that a discharge of 22,000,000 gallons in less 
than an hour into the ebb current off* Moon Island visibly pol- 
lutes a much larger area, and requires considerable more time 
to be dispersed and lost. If all the sewage from the south 
metropolitan district, or of 1,550,000 people, were to be dis- 
charged intermittently at this latter point, there is great prolv 
ability that a nuisance would be created. It is advisable, 
therefore, as recommended by Mr. Brown, that the discharge 
from this district be made at both the available points, and that 
the larger-portion, or that of the high-level division, be made 
in the quicker current of larger volume which runs to the west 
of Peddock's Island. 

It is advisable, when the conditions are favorable, to make 
the discharge continuously, as the sewage is much more quickly 
dispersed than when discharged intermittently. The directions 
and velocities of the ebb and flood currents about Peddock's 
Island, and the path that will probably be taken by the sewage, 
as shown by the float experiments, offer conditions that on the 
whole are favorable to a continuous discharge ; and I am of 
opinion that Mr. Brown is right in advising that, while the 
works be so built that reservoirs may bo added if found neces- 
sary in the future, the discharge be made continuously at first, 
and until the necessity for reservoirs may be made evident. 

I can speak only in general terms of the proposed location of 
the main sewer, as I have not been able to give it much study. 
I believe it to have been carefully determined, and that it will 
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need only such minor changes in favor of smaller cost as the 
more detailed surveys made before construetion begins usually 
show to be advisable. 

I find ihe unit prices used in the estimates of cost to be suffi- 
cient, and I have made estimates of the cost of a large portion 
of the main sewer which confirm those made by Mr. Brown. 
I believe that his estimate of the cost of the entire scheme is 
trustworthy. 

To summarize, I concur with Mr. Brown in the opinions : — 

That the city of Quincy and the areas tributary to the Charles 
River and Neponset River sewers should be included in the 
high-level division of the south metropolitan sewerage district. 

That the sewerage system of this division should have capac- 
ity to collect and convey to its outlet the sewage firom a popu*- 
lation of 986,000. 

That the dimensions of the sewers should be proportioned for 
a flow of 300 gallons per head per day. 

That the outlet should be in the channel at the south-west end 
of Peddock's Island. 

That a more satisfactory disposal of the sewage will result 
from discharging it continuously during both ebb and flood tides 
than from storing it in the reservoii-s to be discharged during 
ebb tide. 

I believe that the route of the main sewer has beefl selected 
with good judgment, and that the estimates of cost of the sys- 
tem have been made with care, and are trustworthy. 



Respectfully, 



JOS. P. DAVIS, 

ConsuUing Engineer, 
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REPOET OF THE CHIEF ENGINEER. 



Boston, Jan. 21, 1899. 

HosEA Kingman, Tillt Haynes, George A. Kimball, 

Metropolitan Sewerage Commissioners, 

Gentlemen : — The resolve relative to the high-level sewer 
for the relief of the Charles and Neponset Eiver valleys, under 
which these investigations have been made, directs the Board 
of Metropolitan Sewerage Commissioners *'to consider and 
report upon a high-level system of sewerage for the Charles 
and Neponset River valleys/' and, among other things, **to 
designate the portions of the cities and town's which shall be 
tributary to and embraced in the district to be reported upon, 
and to define the same in their report with plans and maps." 

The Massachusetts Drainage Commissioners reported in 1886 
upon the sewerage of the Charles and Neponset valleys. They 
found that the population of the Charles River valley was so 
distributed that it could be divided by a line near Waltham 
into two unequal parts, one distinctly rural, the other urban 
in its character, each requiring a different method for the 
solution of its sewerage problem. They recommended that the 
sewage of the urban or metropolitan portion, should be con- 
veyed to the shore and be discharged into the sea. They found 
that the rural district above Waltham required special recom- 
mendations for each individual town. Of these only three, 
Milford, Franklin and Wellesley, had public water supplies at 
that time. The commissioners concluded that these were the 
only ones which then required special recommendations in 
regard to sewage disposal, and they advised that the method 
of land filtration should be adopted for each. 

The commissioners found the Neponset valley to be divided 
into two radically different communities by the Fowl Meadows, 
a broad tract of marsh land extending about 6 miles along the 
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river above Hyde Park. They recommended that the sewage 
of the lower or urban portion be conveyed to and be discharged 
into the sea. They found that the rural district above Hyde 
Park and Dedham required special recommendations for each 
individual town. Four of these, Sharon, Stoughton, Norwood 
and Canton, were the only ones at that time requiring sewage 
disposal. .Land filtration was recommended for each. 

The State Board of Health made in 1897 a report upon the 
sanitary condition and improvement of the Neponset Meadows. 
That Board considered that the sewerage of the valley as far up 
as Hyde Park and Dedham was provided for by the construc- 
tion of the main trunk sewer in the valleys of the Neponset 
River and Mother Brook, authorized by chapter 406 of the Acts 
of 1895, and already substantially completed. The Board also 
concluded that *'the disposal of the sewage of the towns and 
villages in the upper portion of the valley can be most satisfac- 
torily accomplished by separate treatment upon land, as is done 
in many other towns similarly situated, rather than by a gen- 
eral system of sewerage for the upper portions of the valley.'' 

The valleys of the Charles and Neponset are now in very 
much the same condition as in 1886 and 1897, when reported 
upon by the above-mentioned boards. The upper portion of 
each is still distinctly rural in character, and is likely to remain 
so for many years. 

The 14 towns in the valley of the Charles above Newton 
and Waltham, whose centres of population are within the water- 
shed of the Charles, now include but 6 which have a public 
water supply. The population of these 14 towns in 1895 
was 37,642, and in 1940 it will have increased perhaps to 
100,000. If at that time all of these towns shall have intro- 
duced water supplies, their total water consumption at that 
time may be 6,000,000 or 7,000,000 gallons per day, and their 
total volume of sewage, including private water supplies and 
leakage, may be some 12,000,000 or 15,000,000 gallons per 
day, rain water being excluded. This quantity, divided among 
14 centres of population, would not give at any one an amount 
of sewage difficult to dispose of by land filtration, — the method 
recommended by the Massachusetts Drainage Commission for 
the 3 towns in this valley reported upon by them. 
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Similarly, the 5 towns in the Neponset valley above Dedham, 
whose centres of population are within the water-shed of the 
Neponset, had a total population in 1895 of 19,193, and in 1940 
will have a population of perhaps 50,000, and a volume of sew- 
age of some 6,000,000 or 7,000,000 gallons per day. This, 
divided among 5 centres of population, would not give at any 
one a volume of sewage difficult to dispose of on land. The 
Massachusetts Drainage Commission recommended in 1886 this 
method for 4 of these towns. 

The information collected by the above-mentioned boards has 
been examined again carefully. The study of it, together with 
such additional facts as have been obtained, leads to the conclu- 
sion that conveying to distant places the sewage of the scat- 
tered communities in the rural portions of the Charles and 
Neponset valleys is not likely to become expedient. The 
studies relating to the high-level or south metropolitan sewer- 
age district contemplated in this resolve have therefore been 
limited to the urban portions of these valleys. The city of 
Quincy has been included in the project, as it is expected that 
the high-level sewer will pass through that city, whatever may 
be its final location. 

The valleys of the Charles and Neponset rivers designated 
in the resolve are shown on Plate No. 1. The outlines of the 
territory considered in the studies relating to the south metro- 
politan sewerage district are also shown on this plate, and 
include, in whole or in part, Waltham, Newton, Watertown, 
Brighton, Brookline, Dedham, Hyde Park, Milton and Quincy, 
and parts of Boston, West Roxbury and Dorchester. 

Boston Main Drainage. 

The city of Boston constructed, during the period from 1877 
to 1884, a comprehensive system for the disposal of its sewage. 
These works, known as the Boston main drainage, were de- 
signed for the relief of Boston and some of the neighboring 
municipalities, and are shown in outline on Plate No. 2. 

The works comprise intercepting sewers along the borders 
of the city, into which the district sewers discharge ; a main 
sewer, with which the intercepting sewers connect, and which 
conveys the sewage to a pumping station ; pumping machinery 
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to raise the sewage ; a tunnel under Dorchester Bay ; an out- 
£ei11 sewer leading to Moon Island ; a reservoir on Moon Island, 
with a discharge channel leading to the tidal currents in the 
harbor. 

The sewage collected in the reservoir during the latter part 
of the ebb tide and the whole of the flood tide is discharged 
into the sea during the first two or three hours of the flood 
tide. 

The territory which it was expected would eventually be 
tributary to these works is bounded by Charles River, Boston 
harbor, Neponset River and Mother Brook. It comprises 
about 58 square miles. It is shown on Plate No. 2. The 
lower portion of this territory, not more than 40 feet above 
mean low water, and comprising about 12 square miles, was 
expected to be always tributary to the low-level intercepting 
sewers, and thus the sewage from this portion would always 
need to be pumped. The sewage from the higher portion of 
this territory, more than 40 feet above mean low water, and 
comprising about 46 square miles, was expected to be conveyed 
by means of a high-level sewer, to be built in the future, 
which would convey this sewage by gravity to the outfall 
sewer beyond the pumping station, thus avoiding the necessity 
for pumping the sewage from these districts. A branch was left 
in the outfall sewer, to which a high-level sewer might be con- 
nected. As it might be some years before a high-level sewer 
would be built, and as some portions of the higher districts 
might require sewerage in the mean time, it was thought best to 
give to the low-level system a capacity sufficient to provide for 
the sewage from 3 square miles of the higher districts, in addi- 
tion to the 12 square miles of low districts properly belonging 
to that system. The capacity of the main sewer at the pump- 
ing station was therefore made sufficient to receive the sewage 
from 15 square miles of territory. This district is shown on 
Plate No. 2 by the orange tint. 

The development of the sewerage systems in this territory 
has, however, been very different from what was anticipated at 
the outset. No high-level sewer having as yet been built, 
large districts intended to be sewered by gravity have been 
made tributary to the pumping system. The Legislatnre of 
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1889 added all those portions of Waltham and Watertown 
which are north of the Charles Biver, and therefore outside of 
the territory originally contemplated. Similarly, the Legis- 
lature of 1895 added large districts in Dedham, Hyde Park and 
Milton, south of the territory originally contemplated. These 
Legislative enactments placed the above districts, as well as 
large districts within the original 58 square miles, under the 
management of the Metropolitan Sewerage Commissioners, 
with authority to build two intercepting sewers, known respec- 
tively as the Charles River valley sewer and the Neponset valley 
sewer. These have been constructed, and their sewage now 
flows into the pumping system of the Boston main drainage. 
Besides these extensive additions, the city of Boston has made 
\ a contract with the city of Quincy, by virtue of which the sew- 

age of Quincy is received in the outfall sewer and is conveyed 
to Moon Island. 

Thus, instead of the original* 15 square miles, there are at 
the present time tributary to the pumping system of the 
Boston main drainage all the sewered portions of the 58 square 
miles originally designated, and the large areas above referred 
to north of the Charles River and in the Neponset valley. 

The territory whose sewerage systems, so far as they are de- 
veloped, are now connected with the Boston main drainage, 
is shown on Plate No. 2. 

The original district of 58 square miles is shown by two 
tints. The buff tint represents the 43 square miles of high 
land whose sewage was originally intended to flow by gravity 
in a proposed high-level sewer, but whose sewers are now con- 
nected directly or indirectly with the pumping system of the 
Boston main drainage. The orange tint represents the 15 
square miles originally intended as the low-level district of the 
Boston main drainage, and is the territory whose sewage was 
expected to be permanently pumped at Old Harbor Point. 

The districts added by legislative enactments are shown by 
the pink tint. These, as well as the portions of the district 
tinted yellow which are enclosed by the pink lines, are under 
the management of the Metropolitan Sewerage Commissioners. 

The city of Quincy, whose sewage is pumped to the outfall 
sewer of the Boston main drainage, is shown by the brown tint* 
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The total area of the territory which would become tributary 
to the Boston main drainage works if the present arrangement 
is not modified, is about 121 square miles, or more than double 
the area of the territory contemplated at the time the works 
were built. 

The carrying capacities of the Boston main drainage works 
were determined in 1888 by the State Board of Health, after 
elaborate studies and calculations. The results were published 
in the " Report upon the Sewerage of the Mystic and Charles 
River Valleys " (Senate Document, No. 2,' 1889).. The fol- 
lowing quotations are from the report of F. P. Stearns, Chief 
Engineer, pages 88 and 89 : — 

The tunnel under Dorchester Bay has a brick lining, and its sec- 
tion is circular, 7.5 feet in diameter. Its flowing capacity depends 
upon the difference in level of the surfaces of the sewage in tte 
chambers at its ends. The height of the sewage in the chamber 
at the lower end varies with the height in the reservoir at Moon 
Island. Consequently, the flowing capacity of the tunnel will be 
least when the reservoir is full. When the reservoir is full and the 
deposit sewers at the upper end of the tunnel are also full, tke 
sewage at the upper end of the tunnel will be 5.38 feet higher than 
at the lower end, and under these conditions the tunnel will carry 
122,000,000 gallons per day. 

But it is not practicable to allow the deposit sewers to 
become fall without interrupting the removal of the deposits 
by the present method. The head of 5.38 feet is therefore 
reached when the reservoir is at a lower level, and the duration 
of somewhat greater flows, possible when the reservoir is 
partly fall, is correspondingly reduced. The above quantity, 
122,000,000 gallons per twenty-four hours, therefore, may be 
regarded as a practical limit to the present carrying capacity 
of the tunnel for continuous service due to the methods now in 
use for operating the works. Modifications might be made 
which would permit the tunnel to be used to convey a larger 
amount. Concerning the above, Mr. Steams in his report 
says : — 

My conclusion with regard to capacity is, that by moderate 
additions the main drainage works can be made to take care of a 
maximum of 154,000,000 gallons per day. 
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The capacities of the Boston main drainage have recently 
been reviewed by an independent study of the dimensions and 
levels of the works, and the results agree substantially with 
those reported above. The conclusions reached by this study 
are that the present limit to the capacity of the pumping system 
of the Boston main drainage works is about 122,000,000 
gallons per twenty-four hours, this being the carrying capacity 
of the tunnel under Dorchester Ba^ so long as the present 
method of operating the works is continued; also that its 
capacity can be increased to about 154,000,000 gallons per 
twenty-four hours, by suitable modifications in the structures 
and in the method of operating the deposit sewers ; and that 
this latter quantity should be regarded as the ultimate carrying 
capacity of the pumping system of the Boston main drainage 
works. 

To determine how soon the sewage from the districts now 
connected with the Boston main drainage may attain the 
volumes determined upon as the capacities of the works, the 
following study has been prepared of the anticipated popula- 
tions, rates of flow per capita, and the volume of flow 
of sewage in diflerent years. 

Any system of works for the relief of the Boston main 
drainage ought to be built to meet the needs of the district 
for at least forty years, and estimates have been made of the 
anticipated populations and quantities for every fifth year, from 
1900 to 1940. 



The Anticipated Volume of Sewage from the Territory the 
Sewered Areas of which are now Trtbutary to the Boston 
Main Drainage Works. 

The sewage collected in an intercepting sewer is made up 
from several sources. These vary somewhat in different local- 
ities. In this vicinity they would mainly be the public water 
supply, private water supplies, leakage into the sewer, and the 
storm water which enters the sewers. These sources being 
usually distributed over the district somewhat as the population 
is distributed, it is customary to regard the amount of sewage 
as proportional to the population, in a general sense, and to 
estimate its volume approximately by a per capita rate . 



34 HIGH-LEVEL SEWER FOR CHARLES [Jan. 

* 

JPoptUaium. 

A prediction of tiie probable fotare popalation of any terri- 
tory is usually based upon the growth of popabition in the past, 
as shown by the census records, and also upon a stady of the 
rate of growth in districts of like character in other places, 
whose development has already passed the stage in which the 
district in question is foudd to be. 

A very careful study of the populations of 34 cities and towns 
in the Boston metropolitan district was made by the State Board 
of Health, and was published as Appendix No. 1 to the report 
upon a metropolitan water supply. House Document, No. 500, 
February, 1895. In this estimate the populations from 1850 
to 1890 were taken from the census reports ; those from 1895 
to 1930 were estimated. 

After the publication of the returns of the census of 1895, 
these predicted populations up to the year 1920 were carefully 
reTiaed by the Metropolitan Water Board. This revision has 
since been completed and extended by this office to the year 
1940 for the municipalities here under consideration, and an 
estimate of the future population of Dedham has been added. 
The results are given in the following table : — 



1899,] AND NEPONSET MVER VALLEYS. 



35 



^ 






!V 



•*o 






£ 












i 



• 



IS 



• 

p4 



IS 

i 



I 



0> tH 



00 tH 



_ 00 o> <M o o 
aoaooooi>'^^04 



§0000000 
QOOQQOO 
O Oi-H 00 »OQq 

i^o<oaoos^»Hoo 

0^-0>C^<OCO'^<N 
00 



kO O >C 00 00 O O b- 

OO 00 00 00 b* ''ji O) 
to X <N kO 04 00 rH 



ooc 
odo OOC9 



CO t> rH _ 

l> -^ t^ iH <* Oi 



O) Od rH on CO 



•\ (S Vl 

»OQ0Q 
CO 



88888 

rH QO O CO CO 

coocococo 

tH "^ tH <N rH 



00 rH 

o^*-<o 
coco to 
to 



8 



00 "^ 04 o o 

rH CO tH rH rH 



^88 



O »0 rH 

»o 



c^COiO^CO 

tHOOOCOCO 
tH W rH 



8 



^ W" w 

CIOOO 
«OG^ 00 



0> OOQO'tHCO 
Oil tH 



I 

s 

I 

s 



§s 



U50 



s 



CO t>- 



88 

00 QO 



00 
CO 



tHOO 
CO 00 

o<i 10 



Si 

to 00 

00 o^ 

QO 



09 

CO rr 



S 



09 

CO 



CO 



1^" 

QO»Q 

t>.o5 

»o 



• • * • 

• • • • 

• • • • 

• • • • 

• • • • 

• • • • 

• . • . 



CO • 

I 

^^ CO 

.9 ► 

u 

o § 

IS 



r 



!a 



»o 



n 






GO 
00 



09 
09 



09 



CO 

8 



I 



86 HIGH-LEVEL SEWER FOR CHARLES [Jan. 

t 

According to this table, which gives the estimated popula- 
tions for every fifth year from 1900 to 1940, the aggregate 
population of all the municipalities mentioned in the table, 
excepting Quincy, may be expected to amount to 578,006 in 
the year 1900 and 1,450,000 in the year 1940. The sewage 
from Quincy enters the Boston main drainage not at the pump- 
ing station but at the outfall sewer, and the population which 
would be tributary to the outfall sewer under these conditions 
may be expected to amount to about 603,906 in the year 1900 
and 1,550,000 in the year 1940. 



The Mate of Flow of Sewage per Capita. 

The metropolitan sewerage systems and the Boston main 
drainage works have now been in operation for several years. 
They give an opportunity to determine practically the amount 
of sewage per capita in the districts which are tributary to 
them. 

Measurements have been made in the Charles Eiver valley 
metropolitan sewer, which is within the area here under con- 
sideration as tributary to the high-level sewer, during days 
when the flow was in a fairly average condition. In four cases 
the measurements were continued during twenty-four consec- 
utive hours. The average rate per capita given by them is 
about 141 gallons per head per day. In nine other cases the 
measurements were continued during ten hours of the day, and 
a rate per twenty-four hours was deduced from these observa- 
tions, on the basis of the four series of twenty-four hours. The 
average of the entire group of thirteen series of observations 
was 142 gallons per head per day, based upon the aggregate 
gross populations of the tributary municipalities. The results 
are given in the following table : — 
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Bate of Flow per Capita,, as determined by Measurements in the 

Charles River Valley Sewer. 



DATE OF MEASUSEMENT. 



1S»«. 



September, 
December,* 

January 11, 
February 1, 
March 11, 



1S»7. 



April 2, . 
April 24,* 
June 3, . 
June 26, 
August 7,* 
October 2, 
October 29,* 
December 2, 



Mean, 



QrosB Fopa- 
Uttion of 

the Territory 
Drained. 



102,000 
102,000 

102,000 
102,000 
107,245 
107,246 
107,246 
107,246 
107,246 
107,246 
107,246 
107,246 
107,246 



IUtb or Flow in thb Siwxb 

(Gallons). 



Daily Flow. 



14,420,000 
16,936,000 

16,021,000 
11,744,000 
20,370,000 
18,694,000 
17,030,000 
12,390,000 
13,880,000 
13,640,000 
13,066,000 
11,761,000 
16,630,000 



Bate per Head 
per Day. 



141 
166 



i 



147 
116 
190 
174 
169 
116 
129 
127 
122 
110 
146 



142 



* These measurements were continued during twenty-four hours. 

The records of the pumping station at Old Harbor Point 
cover a longer period and permit a more complete study of the 
average flow. 

These records give the average number of gallons pumped 
daily, as indicated by the revolutions of the engines. The ac- 
tual quantities pumped are considerably less than the indicated 
amounts, owing to losses due to leakage or slip when the valves 
are not in perfect condition. The loss by slip depends upon 
the condition of the valves, and was very large a few years ago. 
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The valves were afterwards put in better order, and the slip is 
now much less. 

The following table gives the average rate of flow per head 
per day for the first and last group of three years, in the decade 
from 1887 to 1897 : — 

j?%e Daily Average Ra;te of Flow per Capita at the Pumping Station 

of the Boston Main Drainage, 









ATKK4GB DAILT FLOW FOB EAOH TSAB. 


Estimated 

Gross 
Population, 


Daily 
Average 


yram* 








Bate 




From Pamp 


Estimated 


After Deducting 


excluding 


per Capita. 




Becords. 


Slip. 


Estimated Slip. 


Qnlncj. 




Qallons. 


Per Cent. 


Gallons. 






1885,. 


33,874,676 


— 


- 


~ 


- 


1886, . 






36,866,129 


— 


— 


— 


- 


1887, . 






43,630,667 


30 


80,600,000 


274,000 


Ill 


1888, . 






62,937,143 


30 


37,000,000 


293,000 


126 


1889,. 






61,211,198 


30 


36,700,000* 


816,000 


118 


1890, . 






66,148,328 


30 


38,600,000* 


- 


- 


1891, . 






63,749,891 


30 


44,600,000* 


— 


- 


1892, . 






61,999396 


32 


42300,000* 


- 


- 


1893, . 






72,836,209 


23 


66,400,000* 


- 


- 


1894, . 






71,022,334 


20 


66,400,000* 


- 


- 


1896, . 






76,625,215 


18 


62,300,000* 


478,446 


130 


1896, . 






81,617,609 


20 


66,300,000 


496,368 


131 


1897, . 






80,451,122 


14 


69,200,000 


614,270 


134 



« Estimated by the street department. 



According to the above figures, the daily average rate of 
flow per capita, based upon yearly periods, was about 113 
gallons in 1889 and about 134 gallons in 1897. An extension 
of these rates to the year 1900 gives 144 gallons per head per 
day as the probable daily average flow in that year. This is 
nearly the same as the result derived from the measurements 
of the flow in the Charles Eiver valley sewer in 1897, and indi- 
cates that the daily average flow of sewage from the entire 
district may be about 144 gallons per head per day in the year 
1900. 

An examination of the pumping records for 1897 at Old 
Harbor Point has been made, to ascertain to what extent the 
daily volume of sewage deviated from the yearly average dur- 
ing difierent parts of the year. 

The yearly average is necessarily greater than the average 
flow during dry months, and less than the average flow during 
wet months. It includes the sewage derived from water sup- 
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plies and manufacturing, the leakage from ground water and 
a portion of the storm water. 

The average daily flow of each month, in 1897, exceeded 
the average for the year during four consecutive months at the 
beginning and two at the close of the year, which shows that 
the monthly average may be in excess during six consecutive 
months. The average daily flow during a wet week in each of 
seven different months was greater than the daily average of 
the year. The flow of the wettest day in each month was 
greater than the yearly average in every case but one ; the 
greatest amount pumped in any single day during the year was 
about 50 per cent, more than the daily average for»the year. 

If provision were made to convey to the outlet an amount 
no greater than the average daily flow of the year, it is evident 
that large amounts of sewage would need to be discharged by 
overflows into local streams. Such overflows would be so fre- 
quent as to be considered objectionable. To avoid too frequent 
overflows, the amount to be conveyed to the outlet is taken at 
about 12 per cent, more than the daily average for the year, 
increasing it in 1897 from 134 to 150 gallons and in 1900 from 
144 to 160 gallons per head per day. This is the quantity to 
be provided for in storage reservoirs. It is slightly more than 
the highest value of the average daily flow of the months, and 
represents approximately the maximum flow in dry weather. 
The above quantities do not include the rain water, which the 
intercepting sewers should convey to suitable points where it 
may overflow into tidal water. 

The estimate of the amount of sewage to be provided for in 
the future during the years from 1900 to 1940 has been made 
from the estimated water supplies during this period. 

The average daily consumption from 1850 to 1893 from the 
Cochituate and Mystic water works, and from 1880 to 1893 in 
the Boston metropolitan district, are given in Appendix No. 2 
to the '* Report of the Massachusetts State Board of Health on 
a Metropolitan Water Supply." The water consumption from 
1893 to 1897 of the municipalities to constitute the south met- 
ropolitan sewerage district, has been obtained from this and 
other reports. From these data a prediction has been made 
of the probable water consumption in the south metropolitan 
sewerage district from 1900 to 1940. The result is a curved 
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line, shown on the opposite diagram, giving an average water 
consumption of 100 gallons per head per day in 1900 and 140 
gallons in 1940. This appears to conform closely to the law 
of increase in the rate of water consumption in this community 
in the past ; and a comparison with the reported average daily 
water consumptions in some of the larger cities of the United 
States shows that these rates are not excessive. 



DaUy Consumption of Water ^ in Gallons per Capita^ in Several of the 
Large Cities of the United States^ compiled from Information 
received from the Metropolitan Water Board, 



f 

CITIES. 


1SS4. 


1886. 


1888. 


1890. 


189». 


1894. 


1897. 


Boston, with Somerville, 
















Chelsea and Everett, . 


71 


• 


.. 


. 


. 


97 


112 


Metropolitan Water Dis- 
















trict, .... 


65 


~ 


. 


• 


-. 


89 


102 


New York, 


90 


~ 


_ 


_ 


<. 


109 


115 


Chicago, .... 
Philadelphia, . 


114 


118 


119 


127 


134 


145 


• 


74 


80 


100 


132 


143 


173 


215 


Cincinnati, 


74 


74 


99 


115 


123 


124 


124 


Cleveland,. 


83 


91 


96 


106 


118 


130 


127 



. The average daily water consumption is not identical with 
the average flow of ordinary sewage. Their equality is merely 
approximate. There is a portion of the public water supply 
which never reaches the sewers. On the other hand, there 
usually are private water supplies, a part of which is discharged 
into the sewers ; and it is assumed that the sewage derived 
from these supplies equals the portion of the public supply 
which does not reach the sewers. The assumption is very 
nearly correct. 

The flow of ordinary sewage varies from hour to hour. It is 
greatest during the hours when the most water is used. During 
dry weather the maximum flow from small districts is usually 
about 50 per cent, more than the yearly average hourly flow. 
This ratio becomes less if there is a large flow in the sewer 
derived from some constant source of supply, such as the infil- 
tration of ground water. It is also less in a long intercepting 
sewer, such as the main sewer of the north metropolitan system 
and the proposed high-level sewer ; because the increased flows, 
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although of normal amounts in the district sewers, occur at 
nearly the same time in the several towns, and enter the inter- 
cepting sewer at points widely separated. This increase of 
flow is found to be about 20 per cent, in the north metro- 
politan main sewer. 

The water consumption during the coldest and warmest 
months is usually much greater than the average for the entire 
year. The increased consumption in winter is largely due to 
the waste of water during the night to prevent the freezing of 
pipes. This night consumption occurs when the flow of sewage 
is least in volume. The increased consumption in summer, 
however, occurs during the daytime, and combines with the 
larger flow of sewage to produce the maximum rate of flow 
during dry weather. 

The following table gives the greatest monthly average con- 
sumption of water on the Cochituate works during the warm 
season in the years from 1890 to 1897, and a comparison with 
the average consumption of each year : — 



YEAR. 


Yearly Average 

Consiimptioii 

(Gallons per 

Day). 


Summer Month 
of Greatest Draught. 


Monthly Aver- 
age Consump- 
tion (GktUons per 
Day). 


Percent. 

of Ehccessover 

Yearly 

Average. 


1890, . 
1891, 

1892, . 

1893, . 

1894, . 

1895, . 

1896, . 
1897, 






33^71,700 
37,686,900 
41,312,400 
47,453,200 
46,560,000 
50,801,100 
56,288,200 
57367,300 


July, . 
September, . 
July, . 
July, . 
July, . 
September, . 
August, 
September, , 




36,701,100 
40,677,700 
45,738,100 
48,986,900 
50,044,000 
53,246,900 
57,215,700 
60,980,600 


8 
8 
11 
3 
7 
5 
2 
5 



The largest monthly average consumption during the warm 
season in this period is 11 per cent, more than the yearly 
average consumption of the same year. This is nearly the 
same as the allowance for the monthly fluctuation in the flow 
of sewage, which was fixed at ^bout 12 per cent, more than 
the average of the year from the records of pumping at Old 
Harbor Point. 

The ma:^imum dry- weather flow of sewage in the year 1940 
has been estimated approximately from the yearly average 
water supply of that year, which has been estimated from a 
study of the records of water consumption in this district. 
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Estimate of the Maximum Dry-weather Flow of* Sewage in the 

Tear 1940. 



Estimated yearly average water supply, 
Add 12 per cent, 



Maximum monthly water supply, . 
Deduct for leakage from water pipes, 

Maximum monthly average water consumption, 
Add 20 per cent, 



Maximum hourly water consumption as sewage. 
Leakage into sewers, 



Maximum dry-weather flow of sewage, . 



Gallons per Head 
peri>a7. 

140 
17 



167 
10 

147 
29 

176 
24 

200 



The allowance for leakage into sewers in the above estimate is 
less than the rate of leakage as measured in some small districts 
in the north metropolitan system. It is also less than the rate 
of leakage estimated for the State Board of Health, and given 
in their '* Eeport upon the Sewerage of the Mystic and Charles 
Eiver Valleys" (Senate Document, No. 2, 1889). It is taken 
at a smaller rate partly because the high-level sewer is to be 
situated in high land, where it will be less exposed to the effects 
of tide water, and partly because the leakage in 1940 is likely 
to be less than that of earlier years, as some of the leaks will 
doubtless have been stopped before that time. 

The yearly average flow of sewage from all sources in the 
year 1940 is taken at 175 gallons per head per day. The 
estimated yearly average flow, therefore, varies from 144 gal- 
Ions in 1900 to 175 gallons in 1940. 

The quantities to be used in determining the sizes of the 
high-level sewer are those given by the estimated flow of sew- 
age during storms in 1940, the final year of the period for 
which the high-level sewer is designed. 

It is expected that the greater part of the district tributary 
to the high-level sewer will be »sewered by what is known as 
the separate system of sewerage, by which the greater part of 
the rainfall is diverted into the ordinary channels, leaving the 
sewage from dwellings and manufactories, the leakage from 
ground water and a small portion of rain water, to be con- 
veyed in the sewers. Any draft of an act which may accom- 
pany this report should provide that the separate system of 
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sewerage should be used in all distinctly new sewerage dis- 
tricts. 

The allowance for rain water in the intercepting sewers of the 
Boston main drainage was equal to about 100 gallons per head per 
day, in addition to the maximum dry- weather flow of sewage. 

An examination has been made of the records of the Boston 
main drainage works and the north metropolitan system, to ascer- 
tain the extent to which rain water affects the work of the pumps. 

A comparison of the amount pumped at Old Harbor Point 
during the wettest month with the average for the year has been 
made for each year from 1885 to 1897. The pumping during 
the wettest month ranged from 5 per cent, to 45 per cent, more 
than the average of the year. The mean value was 30 per cent. 

A similar comparison has been made for the year 1896-97 
from the records of the pumping stations of the north metropol- 
itan system, as given in the ninth annual report of the Board. 
They show that the average of the flows of the maximum day in 
each month was respectively 42, 44, 57 and 53 per cent, greater 
than the average flow of the year at the several pumping sta- 
tions ; the mean being 49 per cent. The flows of the maximum 
days during several of the wettest months were found to be in 
excess of the average flow of the year by the following per- 
centages: Deer Island, 48 to 102; East Boston, 49 to 110; 
Charlestown, 66 to 114 ; Alewife Brook, 56 to 91. 

It appears from this comparison that a mean of the flows of 
the maximum day in each month was about 50 per cent, more 
than the average flow of the year, and that the flow of some of 
the maximum days ranged from 48 per cent, to 114 per cent, 
more than the average flow of the year. The mean value is 
about 70 per cent, more than the yearly average. This rate 
would provide for all conditions except those of extremely wet 
weather. This increase of 70 per cent., when applied to the 
estimated yearly average flow of 1900, 144 gallons, gives about 
244 gallons per head per day for the maximum storm flow in 
1900, and when applied to the estimated yearly average flow 
of 1940, 175 gallons, gives about 300 gallons per head per day 
for the maximum storm flow of 1940. This latter rate is 100 
gallons more than the estimated maximum dry-weather flow of 
sewage in 1940 ; an allowance nearly identical with that used 
for the Boston main drainage. 
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Recapitulation. 

The rates per capita determined for the high-level sewer by 
this study are as follows : — 





Gallons pkb Hsad pbb Dat. 




1»00. 


IMO. 


Yearly average water supply, 

Yearly average flow of sewage, .... 
Maximum dry-weather flow of sewage, . 
Maximum flow during storms, 


100 
144 
160 
244 


140 
176 
200 
800 



These rates of flow for the year 1940 are somewhat larger 
than those used in determining the sizes of the Boston main 
drainao^e works. The estimate for the maximum rate of flow 
made in 1877 for the main intercepting sewer was about 154,- 
000,000 gallons per day for a prospective population of 600,000 
persons, or 257 gallons per head per day: This was based upon 
an average rate of water consumption of 75 gallons per head 
per day, which was doubled to represent the maximum rate, 
to which was added an allowance for storm water equal to 
about 100 gallons per head per day. An estimate for the max- 
imum flow, made in 1875, gave about 280,000,000 gallons for 
a prospective population of 1,000,000 persons tributary to the 
outfall sewer, or at the rate of 280 gallons per head per day. 

The amount now proposed, 300 gallons per head per day, is 
based upon an estimated average daily water consumption in 
1940 of 140 gallons per head per day, which is increased to 
200 gallons for the maximum dry-weather flow of sewage in 
that year. This is equivalent to an allowance of only 60 gal- 
lons per head per day for fluctuations in hourly flows, infiltration 
of ground water and all other contingent sources of supply. 
To this is added an allowance of 100 gallons per head per day 
for storm water, and possible increase in the contributary ter- 
ritory. 

The Quantity of Sewage. 

The daily volume of sewage based upon the foregoing rates 
of flow and upon the estimated population that would be tribu- 
tary to the Boston main drainage if the sewerage systems now 
connected with it were extended over their entire districts, is 
given in the following table : — 
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Table shomng Estimated Average and Maximum Flows of Sewage, 
from 1900 to 1940, from the Boston Main Drainage and South 
Metropolitan Districts, combined, including Qaincy. 







Daily Flow— Thb Rats vexsq coksidebbd Uititobm thbodohout ths 








TWKNTT-»OUR HOUBS. 






t 




KAZIICUM FLOW, INCLI71>- 






TKABLT ATSBAOS VLOW. 


MAXnCDX DBT-WSATHXa 


INOAir ALLOWAKCB YOB 


TEAB. 


Popula- 
tion. 




TLOW. 


8TOBM WATBR. 




Per 




Per 




Per 








Head 


Daily Yolume. 


Head 


Daily Yolome. 


Head 


Daily Yolume. 


# 




per Day. 




per Day. 




per Day. 










Gallons. 




Gallons. 




Gallons. 


1900, 


603,906 


144 


86,962,464 


160 


96,624,960 


244 


147,363,064 


1906, 


682346 


147 


100,378,216 


166 


112,669,426 


261 


171,394,096 


1910, 


774,292 


161 


116,918,092 


170 


131,629,640 


258 


199,767,336 


1916, 


873,300 


166 


136,361,600 


176 


162,827,500 


266 


231,424,500 


1920, 


984,900 


169 


156,699,100 


180 


177,282,000 


272 


267,892,800 


1926, 


1,111,600 


163 


181,190,800 


186 


206,646,000 


279 


310,167,400 


1930, 


1,248,800 


167 


208,649,600 


190 


237,272,000 


286 


367,176300 


1936, 


1,395,000 


171 


238,646,000 


196 


272,025,000 


293 


408,735,000 


1940, 


1,660,000 


176 


271,260,000 


200 


310,000,000 


300 


465,000,000 



The quantities to be conveyed by the intercepting sewers, 
pumping station, and tunnel of the Boston main drainage would 
be somewhat less because the sewage of Quincy would enter the 
system at Squantum beyond the tunnel. These quantities are 
given in the following table and the diagram facing page 46 : — 

Table showing Estimated Average and Maximum Flows of Sewage, 
from 1900 to 1940, from the Boston Main Drainage and South 
Metropolitan Districts, combined, but not including Qwincy. 
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MAxanm dbt-wbathbb 


Mf-rfinTi 


H »LOW, IKCL17]>- 
kLLOWANCB FOB 




nrOANi 


YBAB. 


Popula- 




FLOW. 


8TOBX WATBB. 




tion. 


Per 




Per 




Per 








Head 


Daily Yolume. 


Head 


Dally Yolume. 


Head 


Daily Yolume. 






per Day. 




per Day. 




per Day. 










Gallons. 




Gallons. 




Gallons. 


1900, 


678,006 


144 


83,232,864 


160 


92,480,960 


244 


141,033,464 


1905, 


650,446 


147 


95,615,415 


165 


107,323,425 


251 


163,261,696 


1910, 


733,792 


151 


110,802,592 


170 


124,744,640 


258 


189,317,800 


1915, 


823,500 


166 


127,642,500 


175 


144,112,500 


265 


218,227,500 


1920, 


926,100 


159 


147,249,900 


180 


166,698,000 


272 


251,899,200 


1925, 


1,042,800 


163 


169,976,400 


185 


192,918,600 


279 


290,941,200 


1930, 


1,169,400 


167 


195,289,800 


190 


222,186,000 


286 


334,448,400 


1935, 


1,305,000 


171 


223,155,000 


196 


254,475,000 


293 


382,365,000 


1840, 


1,450,000 


175 


263,750,000 


200 


290,000,000 


300 


436,000,000 
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The carrying capacity of the tunnel under Dorchester Bay 
already been given as about 122,000,000 gallons per twenty-1 
hours for continuous service, under the present methods of op 
ating the works. The above table and accompanying diagn 
show that the allowance here made for the maximum flow du 
ing storms is already greater than the above quantity, and thi 
the continuous working capacity of the Boston main drainag 
is already exceeded during heavy and long-continued storms. 

This conclusion is confirmed by the action of the Charles 
River valley metropolitan sewer, which discharges into the main 
intercepting sewer of the Boston main drainage. The Boston 
sewers during heavy rains become surcharged and unable to re- 
ceive the sewage from the Charles River valley which then has 
to overflow into Charles River for considerable periods. 

The estimated capacity of the Boston main drainage works, 
after some modifications have been made in them, has already 
been given as about 154,000,000 gallons per twenty-four hours. 
The foregoing table shows that provision for this quantity 
should be made before 1903 ; but the reduction of the area 
tributary to the Boston main drainage works which would result 
from the construction of the high-level sewer would put off the 
time when the fiill capacity of these works would be attained. 

The following extracts from the annual report of the street 
department of the city of Boston for the year 1896, show that 
those in charge of the sewer division are already aware of the 
necessity of providing an early relief for the pumping system 
of the Boston main drainage : — 

It has always been considered a part of the scheme for intercepting 
the sewers of Boston that a " high-level " sewer would be built which 
would intercept the sewage from the high streets in the interior of 
the suburbs, and carry it direct by gravity to Moon Island without 
the expense of pumping it up. (Report Street Department, 1896, 
.page 329.) 

The city should proceed with the designing and constructing of 
what is known as the high-level sewers, which were advocated at the 
time that this plant was put in, so as to relieve the pumps. (Report 
Street Department, 1896, page 363.) 

It might be several years before the high-level sewer would 
be completed and in operation; but it is desirable that the 
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relief to be afforded by it should be obtained at the earliest 
time practicable, as thereby the necessity for making extensive 
modifications to the Boston main drainage works would be 
deferred for some years. 



The High-level and Low-level Distmots. 

In apportioning the districts which should b^ tributary re- 
spectively to the high-level sewer and the main drainage 
pumping system, it should be kept in mind that the capacity of 
the latter is already fixed, and that its tributary district should 
be limited to an area which would contribute an amount of 
storm sewage about equal to this capacity at the end of the 
period which is here considered. 

The apportionment which first suggests itself is to give to 
the high-level sewer all the territory from which the sewage 
can reach it by gravity, and to leave tributary to the pumping 
station of the Boston main drainage at Old Harbor Point all the 
lower districts except the one in Quincy, which is now tributary 
to the outfall sewer. 

The populations and volume of flow of sewage arising from 
this apportionment are given in the following table : — 

Table showing EstiTnated Average and Maximum Flows of Semige 
from 1900 to 1940 from AU the Low Districts except that of Qairmf. 



[These 


difltriets are 1 


liere eonsidered m tributary to the Boston main drainage pnmptng station 




at Old Harbor Point.] 








Dailt Flow— thx Batb Bxnra considsbxd Uiofobx THBonoHonr thk 








TWBNTT-FOUB HOUBS. 










MAXIMUM FLOW, IKOLUD- 




Eitimated 


TSABLT AYSaAOS TLOW. 


XAZDnrX DBT-WSATHBB 


INO AK ALLOWANCE FOB 


YEAB. 


Popula- 

Mrtm 




VLOW. 


8TOBM WATBB. 




uOU. 


Per 




Per 




Per 








Head 


Dally Voliune. 


Head 


Dally Volume. 


Head 


Daily Volame. 






per Day. 




per Day. 




per Day. 










Gallons. 




Gallons. 




Gallons. 


1900, 


463,606 


144 


66,759,264 


160 


74,176,960 


244 


113,119364 


1905, 


606,346 


147 


74,432,715 


165 


83,646,925 


251 


127,092,595 


1910, 


654,792 


161 


83,773,592 


170 


94314,640 


258 


143,136,336 


1916, 


603,200 


166 


93,496,000 


175 


105,560,000 


265 


159,848,000 


1920, 


656,800 


169 


104,431,200 


180 


118,224,000 


272 


178,649,600 


1925, 


719,100 


163 


117,213,300 


185 


133,033,500 


279 


200,628,900 


1930, 


784,100 


167 


130,944,700 


190 


148,979,000 


286 


224,242,600 


1936, 


861,000 


171 


145,521,000 


195 


165,945,000 


293 


249,343,000 


1940, 


928,000 


175 


162,400,000 


200 


185,600,000 


300 


278,400,000 
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The entrance of storm water into the intercepting sewers 
of the Boston main drainage is generally controlled by auto- 
matic regulators ; but there are several districts, comprising an 
area of about 245 acres, in which the regulators were omitted 
to give relief from the flooding of cellars when heavy rainfalls 
occurred at or near the time of high tide. The large amount 
of storm water that is allowed to enter the main drainage 
sewers from these districts reduces the amount that may enter 
from other districts, and during heavy rainfalls may itself be 
larger than the quantity of storm water expected to enter the 
main intercepting sewer from the entire district. The effect 
of this is to gorge the main sewer, overload the pumps, and 
interfere with the proper working of the system for many 
hours after a storm has ceased. 

If this practice were abandoned and the amount of storm 
sewage were reduced to the amounts here estimated, the final 
safe working capacity of the pumping system, 154,000,000 gal- 
lons per twenty-four hours, might not be attained until the year 
1913. This restricted storm flow, however, would amount 
to about 278,400,000 gallons per twenty-four hours in 1940, 
which exceeds the limiting capacity of the works. It is there- 
fore evident that the pumping system cannot permanently re- 
ceive the sewage from all the low districts. The sewage from 
some of these districts must therefore be raised to another 
outlet. That most conveniently attainable is the high-level 
sewer itself. 

The district recommended to remain tributary to the pump- 
ing station at Old Harbor Point embraces Boston proper, 
South Boston and territory in Roxbury, West Roxbury and 
Dorchester. It is composed of the low districts of Boston 
which are not now tributary to the existing metropolitan 
sewers, and has an area of about 12 square miles. 

The district recommended to be tributary ultimately to the 
high-level sewer comprises the area from which sewage would 
reach that sewer by gravity and also the lower areas now tribu- 
tary to the Charles River valley and the Neponset valley 
sewers. The sewage from these will have to be pumped to the 
high-level sewer. It also includes the city of Quincy. Its area 
is about 109 square miles. 

These districts are shown on Plate No. 3. The territory re- 
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maining tributary to the pamping station of the Boston main 
drainage is shown by the buff tint. The districts from which 
sewage can be received by gravity into the high-level sewer are 
shown by the green tint. Those from which the sewage must 
be pumped to the high-level sewer are shown by the blue tint. 
The heavy red line from Moon Island to Brookline shows one 
of the suggested routes for the high-level sewer. Its extension 
to Newton is shown by the dotted red line. The metropolitan 
sewers in the valleys of the Charles and Neponset rivers are 
shown by the broken red lines. The intercepting sewers, tun- 
nel and outfall sewers of the Boston main drainage are shown 
by the broken brown lines. 

A district in West Roxbury and the irregularly shaped dis- 
trict in Roxbury and Dorchester, colored green, are to be with- 
drawn from the area now tributary directly to the Boston mam 
drainage, and are to be made tributary to the high-level sewer. 
The proposed pumping stations in Boston and Quincy and the 
force mains from them to the high-level sewer are shown by 
dark-blue lines. 

Population. 

The 'estimated future populations upon the districts to be 
tributary to the high-level sewer and also those upon the dis- 
tricts to remain tributary to the pumping station of the Boston 
main drainage at Old Harbor Point are given in the following 
table for every fifth year from 1900 to 1940. The population 
of the district to be tributary to the high-level sewer is estimated 
at 250,400 in 1900 and 986,000 in 1940. 
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Volume of Sewage. 

The anticipated daily volumes of sewage to be conveyed to the 
Boston main drainage pumping station are given in the follow- 
ing table for every fifth year from 1900 to 1940, based upon the 
rates of flow per capita already determined, and upon the popu- 
lations given in the preceding table for the districts to be trib- 
utary to this pumping station. 

TaMe showing Estimated Average and Maximum Flows of Sewage^ 
from 1900 to 1940 j to he conveyed to the Pumping Station of 
the Boston Main Drainage. 

[The distriet indudei the low portions of Boston which are not now tributary to the existing 

metropolitan sewers.] 
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Daily Volume. 


Head 


Daily Volume. 


Head 


Daily Volume. 






per Day. 




per Day. 




per Day. 










Gallons. 




Gallons. 




Gallons. 


1900, 


363,606 


144 


60,904,864 


160 


66,660,960 


244 


86,266,464 


1906, 


377,446 


147 


66,484,416 


166 


62,278,426 


261 


94,738,695 


1910, 


401,492 


161 


60,626,292 


170 


68,263,640 


268 


103,684,936 


1916, 


422,900 


166 


66,649,600 


176 


74,007,600 


266 


112,068,500 


1920, 


446,200 


169 


70,946,800 


180 


80,316,000 


272 


121,366,400 


1925, 


472,600 


163 


77,033,800 


186 


87,431,000 


279 


131,866,400 


1930, 


499,000 


167 


83,333,000 


190 


94,810,000 


286 


142,714,000 


1936, 


629,000 


171 


90,469,000 


196 


103,166,000 


293 


164,997,000 


1940, 


664,000 


176 


98,700,000 


200 


112,800,000 


300 


169,200,000 



The relations between these volumes of sewage and the capac- 
ity of the Boston main drainage pumping system are shown on 
the diagram facing page 52. 

The maximum flow, including an allowance for storm water 
from these districts, may attain the maximum capacity of the 
system, 154,000,000 gallons per twenty-four hours, about the 
year 1934, and a slight curtailment of the amount of storm 
water admitted may be necessary after that year. 

The capacity of the enlarged reservoir, about 44,000,000 gal- 
lons when filled to ** grade 22,'* may be suflScient for this storm 
flow until about 1911, if a storage of ten hours between tides can 
be maintained. If it is filled to a capacity of 50,000,000 gal- 
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Ions, equivalent to a flow of 120,000,000 gallons per twenty-four 
hours, with ten hours* storage between tides, it may be suffi- 
cient until about 1920, if the whole allowance of storm water is 
taken to Moon Island. But, if the quantity conveyed should 
be limited to the maximum dry-weather flow, this reservoir 
capacity might suffice until about the end of the period. Greater 
reservoir capacity could be had when needed by building an- 
other reservoir at Moon Island. 

The volumes of sewage to be conveyed by the high-level 
sewer, estimated from the before-mentioned rates of flow per 
capita and the populations given in the table for the tributary 
districts, are given in the following table for every fifth year 
from 1900 to 1940 : — 



Table showing Estimated Average and Maximum Flows of Sewage^ 
from 1900 to 1940, to be conveyed by the High-level Sewer. 

[The district includes the high gravity area, the low areas now tributary to the Charles and 

Neponset metropolitan systems, and also Quincy.] 
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Daily Volume. 


Per 

Head 
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Daily Volume. 








Qallons. 




Gallons. 




Gallons. 


1900, 


250,400 


144 


36,057,600 


160 


40,064,000 


244 


61,097,600 


1905, 


305,400 


147 


44,893,800 


165 


50,391,000 


251 


76,655,400 


1910, 


372,800 


151 


56,292,800 


170 


63,376,000 


258 


96,182,400 


1915, 


450,400 


155 


69,812,000 


175 


78,820,000 


265 


119356,000 


1920, 


538,700 


159 


85,653,300 


180 


96,966,000 


272 


146,526,400 


1925, 


639,000 


163 


104,157,000 


185 


118,215,000 


279 


178,281,000 


1930, 


749,800 


167 


125,216,600 


190 


142,462,000 


286 


214,442,800 


1935, 


866,000 


171 


148,086,000 


195 


168,870,000 


293 


253,738,000 


1940, 


986,000 


175 


172,550,000 


200 


197,200,000 


300 


295,800,000 
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The High-level Sewer, Suggested Routes and Estimated 

Costs. 

Route to Moon Island. 

It has been shown, in the foregoing description of the 
Boston main drainage works, that the district intended to be 
tributary to them has been very greatly enlarged ; also, that 
the population in this district has been increasing rapidly, and 
that a somewhat more liberal rate of flow per capita than was 
used to fix the capacity of the Boston main drainage works 
should now be used in determining the capacity of the south 
metropolitan system. 

It was intended that the outfall of those works should event- 
ually receive the sewage from a high-level sewer. Considered 
as an independent structure, the outfall sewer has a carrying 
capacity estimated at about 320,000,000 gallons per twenty- 
four hours. The estimated total quantities of sewage flowing 
from the Boston main drainage and south metropolitan dis- 
tricts, including an allowance for storm water, are given in 
the first table on page 45. It is there shown that the maximum 
flow may amount to 465,000,000 gallons per twenty-four hours 
in the year 1940, of which 295,800,000 gallons should be 
carried by a high-level sewer. The total is about 45 per cent, 
more than the carrying capacity of the outfall sewer of the 
Boston main drainage, if it were flowing full. 

This may be stated in another way. The carrying capacity 
of the Boston outfall sewer from Moon Island to Squantum 
when flowing full being about 320,000,000 gallons per twenty- 
four hours, and the carrying capacity of the present intercept- 
ing sewer being 154,000,000 gallons, the outfall sewer could 
receive 166,000,000 gallons, or only 56 per cent, of the esti- 
mated maximum flow of the high-level sewer. The estimated 
maximum flow of the high-level sewer in 1940 being about 
296,000,000 gallons, if a connection with the Boston outfall 
sewer should be made, it would still be necessary to provide 
another outfall sewer, having a carrying capacity of about 
130,000,000 gallons per twenty -four hours. 

Thus it is evident that a supplementary outfall for the high- 
level system would be needed long before the expiration of the 
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period for which that system is designed, if the high and low 
systems were combined at the outfall sewer of the Boston main 
drainage. It is therefore necessary to consider the practica- 
bility and cost of establishing a supplementary or independent 
reservoir and outfall at Moon Island for the high-level sewer. 

The area of Moon Island above high water is about 35 acres. 
About one-third of this area in the middle of this island is 
covered by the present reservoir and its extension. The high 
land at the east end of the island might be graded to a level 
of about 25 feet above low water. This would provide a site 
of about 20 acres for a reservoir of about 80,000,000 gallons 
capacity. The shallow water west of the present reservoir 
might be filled with earth from the hill. This, with 4 acres 
of land in that vicinity, would provide a site for a small 
reservoir of about 20,000,000 gallons capacity, but its cost 
would be relatively great. 

If the whole island were used for reservoirs, an aggregate 
storage capacity of about 130,000,000 gallons might be 
obtained, with the possibility of increasing it to about 150,- 
000,000 gallons by constructing a small reservoir partly on 
filled land. A storage of 130,000,000 gallons during ten hours 
of each tide would provide for a flow of 312,000,000 gallons 
per twenty-four hours; and a storage of 150,000,000 gallons 
during ten hours of each tide would provide for a flow of 360,- 
000,000 gallons per twenty-four hours. The maximum dry- 
weather flow from the combined districts might not attain these 
volumes until after the year 1940. 

The existing embankment from Squantum to Moon Island in 
which the outfall sewer was built was filled on a deep bed of 
mud, and has now reached a state of equilibrium. It is not 
wide enough for another large sewer. To widen it might 
destroy its present equilibrium, and cause a fracture of the 
existing outfall sewer. 

To construct two sewers, one at Squantum from the high- 
level sewer to the existing outfall sewer to convey 166,000,000 
gallons to the Boston outfall, and one from Squantum to 
Moon Island to convey 130,000,000 gallons, would cost about 
$100,000 more than to build one large sewer from Squantum 
to Moon Island having a carrying capacity equal to both. 

If the reservoir and outfall were independent of the Boston 



1899.] AND NEPONSET RIVER VALLEYS. 55 

system, the former could be set so that its level when fall 
would be 22 feet above low water. The elevation of the flow 
line in the high-level sewer would then be about 3.4 feet lower 
than it would be if a connection were made with the Boston 
outfall. The lift of the pumps at the Boston pumping station 
would be about 3 feet less in 1940 if the high-level sewer were 
given an independent outfall. 

As before stated, a site for a reservoir of 80,000,000 gallons 
capacity could be obtained at Moon Island for the high-level 
sewer by grading the hill at the easterly end of the island. A 
reservoir with a storage capacity of 40,000,000 gallons when 
filled to '* grade 22 " would provide for a daily flow of 96,000,- 
000 gallons per twenty-four hours when storing ten hours 
between tides This might receive the maximum dry- weather 
flow of the high-level sewer until about 1920, when an extension 
of the reservoir to 80,000,000 gallons capacity could be made. 
New discharge channels, capalje of discharging 80,000,000 gal- 
lons in one hour, could be built. 

The material excavated from the hill and the reservoir could^ 
be used to form the embankment for a new outfall sewer from 
Squantum, with a capacity of 296,000,000 gallons per twenty- 
four hours. This embankment would be filled over a route 
about 1,200 feet south of the present embankment, and would 
pass over a half-tide bar known as Little Moon Island. The 
sides of the embankment would be protected with stone, and 
culverts would be provided in it to prevent confining the sea 
water between the two embankments. 

The sewage would be screened at the reservoir, to remove 
any large floating or suspended substances; but no attempt 
would be made to take out the heavier portions of the sewage, 
as is now done at the deposit sewers at Old Harbor Point. 

The greater portion of the high-level district is situated west 
of the Stony Brook valley, and above Hyde Park in the 
Neponset valley. The shortest route for a main sewer from 
Squantum to this territory is a direct line to a point on the 
west side of Stony Brook, about a mile south of Forest Hills 
station. 

A main sewer would divide above this point one branch 
going south to intercept the Neponset valley sewer in Hyde 
Park near Mattapan Mills, the other going north, following 
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along the Stony Brook valley, passing through the Muddy 
Brook divide near Jamaica Pond to the comer of Catalpa and 
Castleton streets in West Roxbury, where a branch sewer 
leading to the force main from the Charles River valley sewer 
would enter the main sewer. 

If this route were followed, the high-level sewer would be 
built in embankment across the marshes to the Neponset River. 
It would pass under the river by a pipe siphon at Ericson 
Street, about half a mile south of Commercial Point. This 
siphon would be about a mile in length, and for protection 
would need a sand-catcher, which would necessarily be placed 
in a thickly settled locality in Dorchester. This route passes 
directly across the high land in Dorchester, and the sewer 
would need to be in a deep tunnel about 2 miles in length be- 
fore reaching Stony Brook valley. 

The sewer by this route would reach the vicinity of Forest 
Hills about 4.5 feet lower than by any of the other routes 
examined. It would permit about 1 square mile more of ter- 
''ritory to be sewered by gravity, and would provide for the 
sewage of about 10,000 more people. On the other hand, this 
route would cost about $400,000 more than the route shown 
on Plate No. 3. The excess in cost, the long siphon from a 
thickly settled district in Dorchester, and the very long tunnel 
to the Stony Brook valley, make this route less desirable than 
the other routes. 

Several different routes from Squantum have been examined 
in detail; one crossing the river by a siphon at Neponset 
Avenue near the bridge, and others in tunnel through the 
Milton Hill to the Unkety Brook valley. 

The route leading to Moon Island which was found on the 
whole to be least expensive and most desirable is shown on 
Plate No. 3. 

This route diverges from the one first described near 
Moswetussett Hill in Quincy, and passes through the villages 
of Atlantic and Montclair in Quincy to East Milton ; thence 
through the valleys of Unkety and Pine Tree brooks to the 
easterly part of Hyde Park in the Neponset River valley, 
where the existing Neponset valley sewer would be intercepted ; 
thence through the divide at Clarendon Hills to the Stony 
Brook valley. The route then resumes the location first do- 
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scribed on the west side of Stony Brook, passes near Jamaica 
Pond to the point in West Roxbury where it is to receive the 
sewage from a branch sewer leading to the main from the 
Charles River valley sewer. 

The high-level sewer, if this route were followed, would 
begin at Moon Island, with a horse-shoe section having interior 
diameters of 11 feet 4 inches by 12 feet, and with the invert at 
elevation 111.86 feet above the metropolitan sewerage datum, 
which is about 100 feet below low water. This size would 
continue to a point near Atlantic station, rising at the rate of 1 
foot in 3,500 feet and attaining an elevation of 116.55. 

The sewer would cross the depression formed by the marshes 
near Atlantic by means of a siphon about 2,500 feet in length. 
This siphon would be formed of parallel lines of cast-iron pipes, 
5 feet in diameter internally. Two of these lines would be laid 
at first. The head house at each end of the siphon would be 
built so that the number of lines of pipes could be increased in 
the future. 

At the southerly end of the siphon the sewer would resume 
its usual shape, with internal diameters of 10 feet 10 inches by 
11 feet 6 inches at elevation 117.23, rising at the rate of 1 foot 
in 3,500 feet. It would be in tunnel for some 1,200 feet near 
Harvard Street. At Adams Street its elevation would be 
119.28 feet above datum. It would then be reduced to 10 feet 
8 inches by 11 feet 4 inches, which size would continue to 
Randolph Avenue, where its elevation would be 121.25. Here 
it would be reduced to 10 feet 7 inches by 11 feet 2 inches. 
This size would continue to East River Street in Hyde Park, 
except for a distance of about 110 feet at the crossing of the 
Neponset River, which would consist of lines of cast-iron pipe, 
4 feet 6 inches in diameter. Two lines would be needed at 
first. The head houses at the ends of the river crossing would 
be built so that the number of pipes could be increased. This 
crossing would not be a siphon, as there would be no depression 
made in the invert of the sewer. 

At East River Street the existing Neponset valley sewer 
would be intercepted, and the sewage from parts of Newton, 
Brookline, West Roxbury, Dedham and Hyde Park would be 
admitted to the high-level sewer. The elevation of the sewer 
here would be 124.09. 
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I East River Street the sewer would be reduced to 9 feet 
by 9 feet 9 inches. This size would continue to the line 

Hyde Park and We8t Roxbury. The sewer would 
)ugli the divide between the Neponset River and Stony 
lUeys by a tunnel about 4,500 feet long. Ita elevation 

est Roxbury line would be 126.13. 

ist Roxbury the diameter would be 8 feet 10 inches by 

inches. This size would continue to near the junction 

1 and Centre streets, and would be in tunnel for about 

it. The elevation at Centre and South streets would 

8. 

d Centre and South streets the size of the sewer would 

. 3 inches by 8 feet 9 inches. It would pass through 

Street, private land in line of projected streets, and 

Street, by a deep tunnel about 5,352 feet long to the 

of Catalpa and Castleton streets, where ita elevation 
} 131.51. Here the high-level sewer would receive the 
of the Charles River valley sewer, which would be 

at a station on Huntington Avenue, near Longwood 

Boston. ' 

ope of the high-level sewer to this point has been taken 
t in 3,500 feet, except at the siphon in Quincy near 
The volume of flow will be considerably less above 
it where the sewage from the Charles River valley 
)uld be received, and smaller sizes with steeper gi-adi- 

be used when the high-level sewer is extended into 
ir parts of the valley. 

)ate of the high-level sewer above the point where the 
from the Charles River sewer would be received has 
1 examined with as much exactness as the route below 
Qt, since it appears probable that it may be a number 

before that portion of the high-level aewer would be 
ted. A route which appears to be suitable and practi- 
i, however, been shown on Plate No. 3. 
;rodses Muddy River a short distance below Jamaica 
y means of a siphon of caat-iron pipes, the elevation 
pper end of which would be about 133.5. The line 
iter Brookline and follow substantially the route shown 
late to the boundary between Brookline and Brighton, 
le elevation of the sewer would be about 137.7. 
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The sewer would have an internal diameter of 6 feet, and an 
inclination of 1 foot in 3,000 feet from the end of the siphon 
near Jamaica Pond to the boundary line between Brighton and 
Brookline. 

The line would continue in Brighton, following substantially 
the route shown on the plate, to the boundary line between 
Brighton and Newton at Tremont Street, where the elevation 
of the sewer would be about 143.0. A branch 4 feet in 
diameter would be left at this place for future extensions into 
Newton. The sewer through Brighton would have an internal 
diameter of 5 feet and an inclination of 1 foot in 2,500 feet. 

Estimate of Cost. 

The following is an estimate of the cost of constructing the 
high-level sewer by this route from Moon Island to the junc- 
tion of Castleton and Catalpa streets in West Roxbury : — 
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It has been shown in the stady of the district tributary to * 
the Boston main drainage that the pumping system cannot 
permanently receive the sewage from all the low districts, and 
that the sewage from some of these districts must be raised to 
another outlet, the high-level sewer itself being the one most 
conveniently attainable. 

There are two districts from which sewage will need to be 
raised to the high-level sewer. The larger consists of the terri- 
tory tributary to the Charles River metropolitan sewer, and 
has an area of about 28.6 square miles. 

This sewer now discharges into the main intercepting sewer 
of the Boston main drainage. It is proposed to abandon this 
connection and to reverse the slope of the Charles River valley 
sewer between Gainsborough and Ruggles streets, making the 
latter the lowest point in the sewer. From this point a new 
sewer, 6 feet 6 inches in diameter, would be built to convey the 
sewage of the Charles River metropolitan district to a pumping 
station near the comer of Huntington and Longwood avenues. 
The sewage would here be lifted about 40 feet, and pumped 
through force mains consisting of 2 lines of 48-inch cast-iron 
pipes, following Huntington and South Huntington avenues to 
a point near the comer of Heath Street. This would be the 
highest point in the forcing main. A gravity sewer, 6 feet 6 
inches in diameter, constructed in tunnel, would convey the 
sewage from this summit to the comer of Castleton and Catalpa 
streets, where a connection with the high-level sewer would be 
made. 

Estimate of Cost. 

The following is an estimate of the cost of the pumping 
station, forcing main, sewers and other work required for the 
works to raise the sewage of the Charles River valley to the 
high-level sewer : — 

Estimated Cost of Pumping Station and Forcing Main for Charles 

River Valley Sewer, 

Reversing grade of Charles River valley sewer in Huntington 
Avenue below Ruggles Street, $4,300 

1,850 linear feet 6 feet 6 inches sewer £rom Charles River valley 
sewer at Ruggles Street to pumping station, cost, plus 15 per 
cent, 39,516 

Pumping station, site and pumping plant, 272,000 
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Two lines 48-inch forcing main, 4,550 linear feet, at $29.50, pins 

15 per cent, (1^^*359 

2,455 linear feet 6 feet 6 inches sewer, from npper end of forcing 
mains to high-ley el sewer, cost, pins 15 per cent., . . . 78,565 



Total $548,740 

The smaller district from which sewage may eventually be 
raised to the high-level sewer consists of low areas in Dorches- 
ter and Milton, between Hyde Park and Granite bridge, com- 
prising about 3.8 square miles. These areas are tributary to the 
Neponset valley metropolitan sewer, which now discharges into 
the Dorchester intercepting sewer of the Boston main drainage. 
The high-level sewer would intercept the Neponset valley sewer 
above this district, which would remain tributary to the Boston 
pumping system after the high-level sewer is built. 

The sewage from this district could continue to be discharged 
into the Dorchester intercepting sewer for some years, but the 
time may come when it would be expedient to divert it to 
another channel. A small pumping station and force main 
could then be constructed, and it could be raised to the high- 
level sewer. This sewage is included in the amount that the 
high-level sewer is intended to convey ; but the cost of con- 
structing this pumping station and force main has not been 
included in the estimate of costs, as this work may not be 
undertaken until long after the high-level sewer is in operation. 

The total estimate of the cost of the high-level sewer to 
Moon Island, including the pumping station, force main and 
other work required for raising the sewage of the Charles 
River valley, is as follows : — 

Estimated cost of constmcting the high-level sewer, including 

engineering and contingencies, $4,468,798 

Estimated cost of rights of way, 176,600 



$4,645,898 
Estimated cost of constmcting the pumping station and force 

main for the Charles River valley sewage, .... 548,740 



Total estimated cost by this route, $5,194,138 

The estimated annual expense for maintenance and operation 
during the decennial period from 1905 to 1915 is $37,500. 
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The Discharge oi; Sewage at Moon Island. 

The route for the high-level sewer described above in detail 
leads to Moon Island, where the present outfall of the pump- 
ing system of the Boston main drainage is situated. The 
construction of the high-level sewer along this route would 
concentrate at this point the sewage of the entire district of 
about 121 square miles, the population of which in 1940 is esti- 
mated at 1,550,000 persons. The amount of sewage that would 
be discharged at Moon Island in the year 1940, under these condi- 
tions, is estimated at an average of about 271,000,000 gallons 
per twenty-four hours, but during long storms it might be in- 
creased to about 465,000,000 gallons per twenty-four hours. 

The indicated volume of sewage pumped to Moon Island, 
during the year 1897 varied from about 50,000,000 gallons per 
day to about 125,000,000 gallons according to the records of 
the pumping station at Old Harbor Point. 

Observations have been conducted under the direction of 
Mr. H. W. Clark, chemist in charge of the Lawrence Experi- 
ment Station of the State Board of Health, to determine the 
influence which variations in the volume of sewage at Moon 
Island have upon the extent of the area in the harbor covered 
by the sewage discharged, and also to determine certain chem- 
ical and physical facts relating to the condition of the sewage 
after it has been discharged and the rapidity with which it is 
diluted and dissipated into the water of the harbor. The re- 
sults of these observations are contained in the Appendix. 

For these purposes the volume of sewage discharged from 
the reservoir at Moon Island was caused to vary on different 
days, and observations were made as to the extent of the sew- 
age tract in the harbor corresponding to each volume dis- 
charged. The extent of the sewage tract was found to depend 
upon the volume of sewage discharged, the direction and force 
of the tidal currents and the wind. 

It was found that the sewage had a tendency to float upon 
the sea water, the latter having the greater density. The sew- 
age was mingled with the sea water in a small area around the 
outlet in suflicient quantity to be detected at depths of 4 or 5 
feet ; but the sewage over the greater part of the area was 
spread out and diluted as it moved along, and the depth at 
which it could plainly be detected was reduced to about 2 feet. 
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The depth then diminished gradually towards the edges of the 
tract, where the sewage merely formed a film upon the surface 
of the water. 

It follows from the preceding statement that the sewage tract 
was sensibly divided into three distinct areas : that nearest the 
outfall was small, and was much discolored ; beyond this was 
an area of much larger extent, in which the discoloration was 
marked, but of much less density than in the first area ; the 
outer portion of the tract was found to be mainly a thin film of 
greasy matter from the sewage, which gave to the water an oily 
or sleek appearance, on which account this portion of the sew- 
age tract has been called the ** sleek." 

The analyses of samples taken from the sleek and from the 
discolored area showed that the portion of the sewage tract 
which contained a considerable amount of organic matter was 
substantially identical with the area of discoloration, and that 
the amount of organic matter in the sleek was so minute as not 
to be a source of offence. The area of discoloration, to which 
the temporary pollution of the sea water was mainly confined, 
was usually found to be broken up and dissipated in from two 
to three hours after the discharge of sewage, depending largely 
upon the force of the waves. 

Such examinations of the shores and bed of the harbor as have 
been made indicate that no serious pollution of them has re- 
sulted from the discharge of sewage, except directly around the 
outlet and in the small cove near the outlet ; but an appreciable 
pollution can be noted at low tide for some distance around 
both sides of Moon Island and along the causeway leading to 
Squantum Head. 

The observations on the extent of the sewage tract as com- 
pared with the volume of sewage led to the results contained in 
the following table : — 

Volume of Sewage and Extent of Sewage Tract near Moon Island, 



BATE. 


Volume of Sew- 
age per Twenty- 
four Hours 
(Gallons). 


Approximate 
Area of 

Discoloration 
(Acres). 


Velocity of 

Wind 
(Miles per 

Hour). 


Direction 

of 

Wind. 


September 14, . . . 

October 13, . 

Au^st 29, . 

July 1 


26,000,000 

72,000,000 

92,000,000 

103,000,000 


236 
790 
760 
770 


5 

Calm. 
5 
8 


S.E. 

S.E, 
N. W. 
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A discharge from the reservoir corresponding to a flow of 
about 26,000,000 gallons per twenty-four hours made a sewage 
tract of about 236 acres, and a discharge corresponding to about 
92,000,000 gallons made a sewage tract of about 760 acres. 

If the sewage from the entire district of 121 square miles 
should be concentrated at Moon Island, and the volume dis- 
charged there daily should be thereby increased to the amounts 
estimated for the entire district, the extent of the sewage tracts 
in the harbor would be far greater than at present. As an 
increase in the volume of sewage from 26,000,000 gallons to 
d2,000,000 gallons per twenty-four hours caused an enlarge- 
ment of the sewage tract from 236 acres to 760 acres, it seems 
reasonable to expect that, if the volume of sewage discharged 
at Moon Island should become as great as 271,000,000 gallons 
or 466,000,000 gallons per twenty-four hours, the area of the 
sewage tracts might be increased to 1,500 or 2,000 acres. 

The concentration at Moon Island of all the sewage of the 
district of 121 square miles would also require successive 
enlargements of the reservoirs until all the space available on 
the island had been utilized. An aggregate storage capacity 
of 130,000,000 or 150,000,000 gallons would then have been 
secured. If the period of storage between tides should be ten 
hours, as is usual, the storage of 150,000,000 gallons during 
each tide would provide for a flow of 860,000,000 gallons per 
twenty-four hours. The maximum dry- weather flow estimated 
for the year 1940 is 310,000,000 gallons per twenty-four hours. 
This amount would be increased if storm water were also to be 
conveyed to the reservoirs. It is therefore clear that the limit 
of storage capacity at Moon Island would be likely to be 
reached about the year 1940 if the sewage from the entire 
district should be taken there, after which time there would be 
no possibility of extending the reservoirs at Moon Island to 
keep pace with the increase in the volume of sewage. 

The disposal of the sewage by its discharge into sea water, 
and its rapid dilution so that it may quickly disappear from 
sight and smell, can be best obtained by discharging it at a 
number of pointe into swift currents, aid, if praTtiLle, by 
continuous flow. In view of this, and of the conditions at 
Moon Island mentioned above, it would seem advisable to lead 
the high-level sewer to an outfall at some other point, provided 
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a suitable location at reasonable cost can be found, leaving 
Moon Island for the future expansion of the low-level pumping 
system of the Boston main drainage. 

The consulting engineer in his report concurs in this opinion, 
and the observations and conclusions of the chemical expert 
still further strengthen it. 

Outfall fob the High-level Seweb at Peddook's Island. 

An examination of the chart of Boston harbor shows that 
there is a channel of considerable depth on the westerly side of 
Peddock's Island, and an inspection of the locality reveals the 
fact that strong and well-defined tidal cuiTents of large volume 
flow by and near to the south-westerly end of the island. 

This island has an area of about 150 acres. On it are four hills, 
which are so grouped as to divide the island into three areas of 
uplands, connected by two narrow necks. The westerly upland 
has an area of about 50 acres, and affords an ample and favorable 
location for reservoirs, since no serious engineering difficulties 
would be encountered in establishing an outfall at this place. 

Peddock's Island is now uninhabited. The settlement nearest 
to reservoir sites at the westerly end of the island is at Manet 
Beach on the main land, near Quincy Great Hill. This is a 
comparatively unimportant summer resort, the population of 
which varies from less than 100 persons in winter to 1,500 or 
2,000 during the warm season. Its nearest point is separated 
from Peddock's Island by a channel three-quarters of a mile wide. 

The average volume of the ebb-tide current that would re- 
ceive the sewage discharged from a reservoir on Peddock's 
Island, and the average volumes of the ebb-tide currents which 
receive the sewage discharged at Moon Island and Deer Island, 
are given in the following table : — 

Average Rates of Flow of Currents of Ebb Tide. 



LOCATION OF CURRENT. 


Average 

Flow 

of Whole 

Ebb Tide 

(Cub^c 

Feet per 

Second). 


System from which 

Sewage is or may 

be discharged into 

Current. 


Character 

of 
Discharge. 


Between BaiDBford and Long islands, 
Between Peddock's and Rainsford islands, . 
Between Deer and Long islands, 


72,000 
200,000 
260,000 


Boston main drain- 
age. 
High-level sewer, . 

North metropolitan, 


From reservoir. 
From reservoir. 
ConttnuouB. 
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It appears from the above table that the volume of the tidal 
current into which the sewage from reservoirs on Peddock's 
Island would be discharged is about three times as great as the 
volume of that into which the sewage from the Moon Island 
reservoir is usually carried, and that it is nearly equal to the 
tidal volume at Deer Island into which the sewage from the 
north metropolitan system has been continuously discharged 
for about four years. 

The tidal currents near Peddock's Island have been studied 
by means of wooden floats 4 to 11 feet long, weighted at one 
end so as to float upright with only a few inches exposed above 
the water. 

Thirteen floats were started in mid-channel between the 
western end of Peddock's Island and Sunken Island Beacon. 
A study of them led to the following conclusions : — 

(a) A strong, well-sustained ebb current sweeps through 
these waters continuing from 1 to 2 miles outside of Boston 
Light, or from 5 to 6 miles from the starting point, having 
an average velocity of about 1 mile per hour and a maximum 
velocity of about 1.5 miles per hour. 

(5) A float starting from the above-mentioned point at 
high water will be carried beyond Boston Light, or more than 
4 miles from the starting point, in a little less than four hours. 

(c) The influence of the wind upon this current is very 
slight, and in no case materially changed the paths of the floats. 

(d) The floats were generally carried about 2 miles beyond 
Boston Light, or about 6 miles from the starting point, before 
the turn of the tide, and did not return to the harbor on the 
next flood tide. 

(e) A period of slack water, lasting about an hour, occurs 
at high water, and the ebb currents are weak until about half 
an hour after the time of high water. 

Other floats, ten in number, were started near the Peddock^s 
Island shore, one hour and two hours after high water, at the 
probable location for an outfall. The depth at low water was 
here about 6 feet. A study of these floats led to the following 
conclusions : — 

(/) These floats kept closer to Peddock's Island, and had a 
velocity somewhat less than those from mid-channel. 

(g) Their average velocity was about 0.9 mile per hour^ 
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and they were carried well beyond Boston Light before the next 
flood tide began. 

(h) A north or west wind had a considerable influence upon 
these floats, driving them closer to Peddock's Island. 

The results of the float experiments that were made near Moon 
Island before the construction of the Boston main drainage were 
as follows : — 

Floats leaving the vicinity of Moon Island with the early ebb would 
travel seaward with an average velocity of 0.74 mile an hour, 
passing between Rainsford and Long islands, through Black Rock 
Channel, and at the turn of tide would reach a position between the 
Brewsters and George's islands, about 4 miles from the point of 
starting. Returning with the flood tide, the floats would travel 
about 2 miles towards the city, and with the succeeding ebb would 
once more move seaward, not again to enter the harbor. 

The above results appear to be the general averages from all 
tides. Other observations with floats, made by the city of 
Boston in 1879, from three to seven days before the August 
spring tides, indicated that floats starting from a point near the 
outlet one and one-half hours after high water would move with 
an average velocity of about 0.39 mile, and at the turn of the 
tide would have reached a point between Rainsford and Long 
islands about 1.76 miles from the point of starting. As these 
observations were made during a series of mean tides, the 
averages derived from them are smaller than would have been 
the case if the influence of the strong currents of spring tides 
had been included. 



Comparison between the Conditions of Discharge at PeddocJds 

Island and Those at Moon Island. 

The average velocities of the ebb currents near Peddock's 
Island vary from 0.9 to 1.0 mile per hour. Near Moon Island 
they vary from 0.39 to 0.74 mile per hour. 

Floats leaving Peddock's Island soon after high water were 
generally carried about 2 miles beyond Boston Light, and did 
not return to the harbor on the next flood tide. Floats leaving 
Moon Island with the early ebb would reach the vicinity of 
Boston Light at low water, and would return about 2 miles 
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with the next flood tide, to be finally carried to sea with the 
succeeding ebb. 

The tidal volume into which the sewage from reservoirs on 
Peddock's Island would be discharged is about three times as 
great as that into which the sewage from Moon Island is now 
discharged. 

Route of the High-level Sewer to Peddook's Island. 

Peddock's Island is separated from the main land at Hough's 
Neck in Quincy by a channel about three-quarters of a mile 
wide. The distance to Nut Island is only about half a 
mile, and this island is connected with Hough's Neck by a 
shoal which is bare at low water. 

A site for a reservoir at Peddock's Island can be obtained by 
grading the comparatively level ground forming the southerly 
point. The discharge sewers from the reservoir would be of 
sufficient size to discharge the contents of the reservoir when 
full in about one hour, and would extend in embankment about 
500 feet from the present shore to a point where the depth 
of water is about 6 feet at low tide. 

The shore of the island is here concave for a long distance. 
The estimate includes the cost of placing the earth removed in 
grading so as to modify the shore line near the outlet in such a 
way as to check any tendency to deposit sewage matter in this 
vicinity. If found desirable in the future, a channel might be 
cut through the narrow neck near Prince's Head, and be 
arranged with sluice gates which could be opened at the proper 
stage of the tide, and induce a current to remove any slight 
traces of sewage matter which might occasionally lodge near 
the island. 

A reservoir having a capacity of 40,000,000 gallons, filled 
in ten hours during each tide, would provide for a daily flow 
of 96,000,000 gallons. The maximum daily dry-weather flow 
would attain this amount about the year 1920. After that 
time additional capacity could be obtained by constructing a 
second reservoir adjoining the one first built. 

The bottom of the reservoir would be about 7 feet above low 
tide, or 107 feet above the datum of levels used for the metro- 
politan sewers. The reservoir would bo filled to a depth of 
about 13 feet, or to about 120 feet above datum. These levels 
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will cause the discharge from the reservoir to be rapid, and at 
the same time keep the high-level sewer at a comparatively low 
elevation. 

Sewage would be conveyed across the channel between Nut 
and Peddock's islands in an inverted siphon of cast-iron pipes, 
60 inches in diameter. They would be laid in a dredged trench, 
following approximately the shape of the bottom of the channel, 
and would be covered over, so as to be protected against acci- 
dents. The siphon would consist at first of two lines of pipes. 
The number would be increased in the fixture, and the struct- 
ures on the shores with which the siphon connects would be 
built so as to be ready for these additions. Estimates have 
been made of the cost of a masonry siphon at this point ; but 
the favorable prices of cast-iron pipes, their reliability, strength 
and convenience in handling, have led to their adoption for the 
purposes of this study. 

On Nut Island the sewage would be sufliciently screened to 
intercept paper, rags and other floating matters that might 
prove unsightly in the harbor ; and a sand-catcher would be 
built, which would intercept sand and heavier matters which 
might occasion trouble in the siphons. 

The high-level sewer proper would begin at the sand-catcher 
on Nut Island, 11 feet 4 inches by 12 feet in size internally, 
with its invert at elevation 110 feet above datum. This size 
would continue through Quincy to a point near Hancock Street, 
the sewer rising at the rate of 1 foot in 3,500 feet, and attain- 
ing an elevation of 116.05. It would be covered by an em- 
bankment between Nut Island and the main land, and would 
be built by tunnel through Quincy Great Hill. Between this 
point and Hancock Street the sewer would be partly in em- 
bankment and partly in excavation. 

At Hancock Street the size is reduced to 11 feet 1 inch by 
11 feet 9 inches. These dimensions would continue to»a point 
near Beale Street, the sewer attaining an elevation of 118.48. 
This portion of the sewer would be largely in excavation. 
There would be a short tunnel near Hancock Street. 

From near Beale Street the size is reduced to 10 feet 10 
inches by 11 feet 6 inches. This would continue to Adams 
Street in Milton, the sewer attaining an elevation of 119.28 at 
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that place. The sewer from Milton Street to Adams Street 
would be largely in tunnel. 

The route of the high-level sewer beyond Adams Street in 
Milton passes through the valleys of Unkety and Pine Tree 
brooks, occupying the location described for the high-level 
sewer by the second route to Moon Island, on pages 57 and 58. 
The sizes, elevations and gradients are the same as there 
described. At the junction of Catalpa and Castleton streets 
in West Roxbury the sewage of the Charles River valley 
sewer would be received from the sewers, pumping plant 
and force main already described in connection with the Moon 
Island route. 

This route of the high-level sewer with the outlet at Ped- 
dock's Island is shown on Plate No. 4 by a heavy red line. 
Its extension to Newton is shown by the dotted red line. The 
metropolitan sewers in the valleys of the Charles and Neponset 
rivers are shown by the broken red lines. The intercepting 
sewers, tunnel and outfall sewers of the Boston main drainage 
are shown by the broken brown lines. The districts from 
which sewage can be received by grsivity into the high-level 
sewer are shown by the green tint. Those from which the sew- 
age must be pumped to the high-level sewer are shown by the 
blue tint. Those remaining tributary to the pumping station 
of the Boston main drainage are shown by the buff tint. Many 
details shown on this plate are the same as those shown on 
Plate No. 3, described on page 49. 

Estimate of Cost. 

The following is an estimate of the cost of constructing the 
high-level sewer by this route from Peddock's Island to the 
junction of Castleton and Catalpa streets in West Roxbury : — 
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Cost of Pumping System for Charles River Valley. 

The pumping station, forcing main, sewers and other work 
required to raise the sewage of the Charles River valley to the 
high-level sewer are the same as those already described in con- 
nection with the route to Moon Island. The detailed estimate 
of the cost of this pumping system is given in the table on 
pages 61 and 62, the total being $548,740, including engineer- 
ing and contingencies. 

The total estimate of the cost of the high-level sewer to 
Peddock's Island, including reservoirs, outfall and all accessory 
works, and including the force main and other work required 
for raising the sewage of the Charles River valley is as 
follows : — 

EstiniAted cost of constructiDg tihe high-level sewer, including 

engineering and contingencies, $4,657,184 

Rights of way, 219,100 

Total cost of main line, $4^76,234 

Estimated cost of constructing the pumping station and force 
main for the Charles River valley sewage, .... 548,740 

Total estimated cost by this route, $5,424,974 

The estimated annual expense for maintenance and operation 
during the decennial period from 1905 to 1915 is $37,500. 

The cost of constructing the high-level sewer by the 
Peddock's Island route is estimated at $230,836 more than by 
the Moon Island route. This is about 4 per cent, of the total 
estimated cost, or less than the allowance for contingencies in 
the estimates, so that the cost of the high-level sewer by either 
route is substantially the same. Important advantages would 
be gained by placing the outfall at Peddock's Island. The 
most important is that the works at Peddock's Island may be 
continually expanded and adapted to the growth of the system, 
while at Moon Island the limit of expansion might be reached 
about 1940, and then the continuance of an intermittent dis- 
charge at that place would become impracticable. Better 
results are to be expected from the discharge of sewage from 
an outfall at Peddock's Island than from one at Moon Island, 
on account of the stronger velocities, the quicker passage to 
the sea and the larger tidal volume existing near the former. 
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Outlet recommended for Continuous Discharge near Nut 

Island. 

The investigations relating to an outlet at Peddock's Island 
for the high-level sewer, with a reservoir and intermittent dis- 
charge, have disclosed the fact that the volume of the ebb-tide 
current near Peddock's Island is nearly as great as that near Deer 
Island, where a continuous discharge of sewage from the north 
metropolitan system was recommended in 1889 by the State 
Board of Health, after elaborate investigations, and has been 
in successful operation for about four years. 

Examinations of the chemical and physical conditions result- 
ing from this continuous discharge at Deer Island have been 
made during the summer and fall of 1898, to determine whether 
it might be expedient to discharge the sewage from the high- 
level sewer continuously near the westerly end of Peddock's 
Island. The results of these examinations and analyses are 
given in detail in the report of the chemical expert, in the Ap- 
pendix. The conclusions from these investigations at Deer 
Island may be briefly stated as follows : — 

The volume of sewage discharged on the days when the 
observations were in progress varied from about 40,000,000 to 
50,000,000 gallons per twenty-four hours. 

The distribution of the sewage in the sea water was found to 
be very similar to that at Moon Island. The sewage tract was 
divided into three distinct areas. That nearest the outlet was 
strongly discolored ; beyond this was a second area of larger 
extent, in which the discoloration was less strongly marked ; and 
outside of all was an area in which only the sleek was found. 
The discoloration almost entirely disappears in one and one- 
quarter hours after leaving the outlet, during which time the 
sewage is carried about one and one-eighth miles, and beyond 
this distance on calm days the sleek only can be found. The 
area covered by the discolored field during the ebb tide does not 
usually exceed 350 acres. On calm days the area, including the 
sleek, may be about 450 to 500 acres. 

Samples collected near the surface in the part most discolored 
were found to contain about 30 per cent, of sewage. This per- 
centage diminishes rapidly as the distance from the outlet in- 
creases. The amount of sewage in samples collected at 900 
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feet from the outlet was only 3 per cent., and samples col- 
lected at the visible limit of the sewage field were found to con- 
sist of nearly normal sea water. Samples taken at the surface, 
a.t intervals of fifteen minutes, following the band of sewage 
during the ebb tide, show a regular decrease in the percentage 
of sewage present, as follows : — 

Percentage of Sewage found in Surface Samples, 

15 minutes after leaving outlet, ... .... 20 

30 minutes after leaving outlet, 15 

45 minutes after leaving outlet, 5 

60 minutes after leaving outlet, 4 

The percentage is less below the surface. Traces of sewage 
can be detected at a depth of 5 feet near the outlet. This depth 
decreases rapidly towards the edges of the area, as is the case 
at Moon Island. Samples taken for analysis from the area of 
sleek show practically no organic matter, as the sleek itself is 
simply an exceedingly thin film of grease upon the surface of 
the water. 

During the flood tide the discoloration almost entirely dis- 
appears in one and one-half hours after leaving the outlet, 
during which time the sewage is carried about 1 mile. The 
discolored area was found to be about 300 acres. On calm 
days the area, including the sleek, may be about 500 acres. 

The sewage discharged at Deer Island is in a much fresher 
condition, and consequently has less odor than that at Moon 
Island, which is stored in the reservoir several hours. The 
depth of water over the Deer Island outlet at high tide is about 
9 feet. The outlet is nearly bare at low tide. The duration of 
slack water at high tide is about three-quarters of an hour at 
this outlet. 

A comparison of the tidal conditions shows that the average 
volume and velocity of the ebb current north of Peddock's 
Island are very nearly the same as those of the ebb current near 
Deer Island. There are no habitations on Peddock's Island, 
and the chart of Boston harbor shows that there are no flats 
of any considerable extent near it. 

It seems reasonable, therefore, to expect that, if the sewage 
were to be discharged continuously into the ebb current north- 
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west of Peddock's Island, the area of discoloration and the dis- 
tance to which it would be carried under average conditions 
would be substantially the same as at Deer Island ; and that, 
under average conditions, it would have very nearly disappeared 
when the discoloration had been carried about 1 mile, or before 
it would have reached the easterly end of Peddock's Island. 

It may be concluded, therefore, that sewage may be discharged 
continuously into the ebb currents north-west of Peddock's 
Island with results about as good as those attained at Deer 
Island. 

The question as to the probable effect of a continuous dis- 
charge of sewage during the flood tide from the outlets at points 
near Peddock's Island, shown on Plate No. 5, has received spe- 
cial attention. The flood current divides near Sunken Island 
Beacon, one part going towards Quincy Bay with small velocity, 
the other running into Hingham Bay with good velocity. It 
has been found that there is a region west of Peddock's Island 
in the deepest part of the channel where the flood currents are 
strong and set towards Hingham Bay exclusively. The outlets 
shown on Plate No. 5 are within this region. 

Observations made by means of thirty-two floats, started from 
this locality during the flood tide, lead to the following conclu- 
sions : — 

1. None of the floats went towards Hough's Neck nor Manet 
Beach. 

2. Such floats as were carried to any shores required three 
hours or more in the passage, which is double the time required 
at Deer Island to dissipate the discoloration produced by the 
sewage. 

3. The floats were mostly carried into the west central part 
of Hingham Bay. 

4. The floats running into Hingham Bay during the flood 
tide were generally carried out of it on the succeeding ebb, 
either through Nut Island Channel or through Hull Gut. 

A comparison of the tidal conditions shows that the average 
velocity of the flood current through Nut Island Channel is 
about the same as that of the flood current near Deer Island. 
Observation shows that the discolored portion of the sewage 
field produced by the continuous flow of sewage into the flood- 
tide current near Deer Island has very nearly disappeared after 
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it has been carried about one mile, which requires about one 
and one-half hours. It may therefore be concluded that the dis- 
coloration produced by a discharge of sewage into the channel 
west of Peddock's Island might be carried by the flood currents 
following the thread of the channel, which is about midway 
between Quincy Great Hill and Peddock's Island, about to a 
line from the Great Hill to Prince's Head. From the action of 
the floats it may be concluded that a sewage field entering Hing- 
ham Bay with the flood tide would not approach the small sum- 
mer settlement at Manet Beach, and would require so long a 
time to reach any shores that the sewage would be diffused and 
rendered inoffensive before the shores were reached. 

The average volume of the tidal current which passes Nut 
Island during the ebb tide was found to be about 77,000 cubic 
feet per second. The average volume would be somewhat less 
during the flood tide, owing to the holding back of the river 
waters. The average flood volume appears, therefore, to be 
about the same as the average volume of the ebb current off 
Rainsford Island, — 72,000 cubic feet per second, — into which 
the sewage discharged at Moon Island is usually carried. 

The tidal currents near Nut Island seem, therefore, to pre- 
sent conditions favorable for the continuous discharge of sew 
age for a long series of years, if not perpetually, at the outlets 
shown on Plate No. 5. Should it be found, after some years, 
that better results would be attained if the sewage were stored 
in a reservoir during a portion of the flood tide, it would then 
be practicable to construct such a reservoir on Peddock's Island, 
with discharge channels leading northerly. This reservoir 
would be connected with the screen-chamber and gate-house 
on Nut Island by independent lines of iron pipes, such as were 
described for the Peddock's Island outlet. The discharge would 
then be from a reservoir, supplemented by a continuous flow from 
other outlets. It is not thought that this modification of the sys- 
tem would ever be required. 

Outfall Works for Continuous Discharge near Nut Island. 

The outfall works for a continuous discharge of sewage near 
Nut Island would consist at first of two lines of extra heavy 
cast-iron pipes, 60 inches in diameter, laid in a dredged trench 
substantially as shown on Plate No. 5, and covered for protection 
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against injury. The connecting chambers at the shores wool 
be designed so that additional lines of pipes coald be laid in tt 
fiitare if needed. 

The outlet would be near the bottom of the channel, aboi 
3,000 feet northerly from Nnt Island. Its dept^ would 1: 
about 26 feet below low water and about 35 feet below hig 
water. These depths compare faTorably with those of the on 
let at Deer Island, which is nearly bare at low water and : 
covered only about 9 feet at high water. The greater depth * 
the Nut Island outlet would induce a more tapid dilution of tfc 
sewage. 

The pipes would leave Nut Island from a screen-house pre 
Tided with gates and screens for intercepting floating matten 
There would also be a sand-catcher on Nut Island, of sufficiei 
dimensions to intercept heavier matters that might cause tronbl 
in the pipes. 

The high-level sewer would follow the route already describe 
for the Peddock's Island outlet and shown on Plate No. 4. Tfa 
general position of the Nut Island outlet is shown on Plate No. ' 

Uslimate of Coat. 
The following is an estimate of the cost of construction of th 
high-level sewer from Nut Island to the junction of Castleto 
and Catalpa streets in West Eoxbury : — 
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The total estimate of the cost of the high-level sewer to Nut 
Island, including the outfall and all accessory works, and in- 
cluding the force main and other work required for raising the 
sewage of the Charles River valley, is as follows : — 

Estimated cost of constructing the high-level sewer, including 

engineering and contingencies, $3,761,708 

Rights of way, 169,100 

Total cost of main line, $3,930,808 

Estimated cost of constructing the pumping station and force 
main for the Charles River valley sewage, .... 548,740 

Total estimated cost, $4^479,548 

The estimated annual expense for maintenance and operation 
during the decennial period from 1905 to 1915 is $29,000. 

The estimated cost of the high-level sewer with continuous 
discharge from outlets at points off Nut Island is about $714,- 
000 less than the cost if the outlet were at Moon Island with 
a reservoir, and about $945,000 less than the cost if the outlet 
were at Peddock's Island with a reservoir. But these figures do 
not indicate the entire saving that would result from placing 
the outlet off Nut Island. The annual cost of operating and 
maintaining a reservoir is estimated at about $10,000, which, at 
3 per cent., would be the interest of $333,333. This capital 
would be saved by omitting the reservoir, and the gross capi- 
talized saving effected by placing the outlet off Nut Island is 
therefore about $1,278,000, as compared with an outlet at Ped- 
dock's Island. 

The continuous discharge of sewage at points off Nut Island 
is more desirable than an intermittent discharge from a reser- 
voir, either at Moon Island or at Peddock's Island, and is 
recommended for the following reasons : — 

1. The saving in first cost and capitalized cost of mainten- 
ance is $1,278,000, when comparison is made with the Ped- 
dock^s Island project. 

2. The discharge of sewage is in a continuous stream of 
moderate dimensions and in a fresh condition, instead of inter- 
mittently, in large volume and in a stale condition from a reser- 
voir. 

3. The discharge of sewage is made into tidal currents of 
large volume and velocity, at a point where the ebb current has 
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sufficient strength to carry the sewage beyond a location where 
the discoloration would disappear, and where the flood current 
would not leave traces of sewage near the shores. 

4. The usual conditions of flow would generally be continued, 
and the lower lengths of the outfall sewer would not be flooded, 
as they would be if the sewer were to discharge into a reservoir 
nearly full. The formation of gases and deposits in the sewer 
would consequently be avoided. There would be little or no 
setting back of the sewage during average conditions of high 
tide. 

The arrangement now made for disposing of the sewage of 
the city of Quincy requires that it shall all be pumped to the 
outfall sewer of the Boston main drainage, the lift being about 
30 feet when the reservoir is full. 

When the sewage of Quincy is conveyed to the high-level 
sewer, a part of it may enter by gravity, without pumping, 
and the remainder must be pumped about 18 feet. It could be 
raised by the pumping plant already installed to pump sewage 
to the Boston outfall. 

All the large sewage pumping plants connected with the met- 
ropolitan sewerage systems are the property of the Common- 
wealth, and are operated as component parts of those systems. 
It seems expedient, therefore, that the pumping plant of the city 
of Quincy should also become the property of the Common- 
wealth. The cost of acquiring this property is estimated at 
about $100,000, which sum should be added to the foregoing 
estimates for the high-level sewer, making the entire cost of 
the Nut Island project $4,579,548. 

Review of the Annual Charges for Maintenance and 
Operation in the South Metropolitan Sewerage 
District. 

The sewage from the metropolitan districts in the Charles 
and Neponset valleys is now discharged into the intercepting 
sewers of the Boston main drainage, and is conveyed to the 
outfall at Moon Island. The amounts asked by the city of 
Boston for disposing of the sewage from these metropolitan 
districts in this manner are given for a number of years in the 
annual report of the street department for 1896, page 362, 
The charge there estimated for the year 1910 is $102,000. 
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This amount was based upon a valuation of about $5,000,000 j 

for those portions of the Boston main drainage works used by ! 

the Charles and Neponset metropolitan sewerage systems ; but 
their .cost is to be increased about $500,000 for new reservpirs 
and other works at Moon Island now in course of construction, 
and it is probable that, when the new pumping plant now being 
designed for the pumping station at Old Harbor Point is in 
operation, the total cost of said portions of the main drainage 
works may approximate $6,000,000. This increase in valua- 
tion might cause an increase of about $10,000 in the rental, 
making the charge for the year 1910 about $112,000. 

The year 1910 is the middle year of the decennial period 
extending from 1905 to 1915. This is probably the first decen- 
nial period that can be used for a comparison of charges, as it 
may be some years before the proposed high-level system can 
be constructed and put in operation. 

Annual Cost of Existing Metropolitan Sewers in the Charles and 

JNeponset Valleys. 

The total expenses for a given year would comprise any rental 
paid to the city of Boston, the payments for interest and sinking^ 
fund charges, and the cost of maintenance and operation. The 
annual interest and sinking fund charges against the Charles and 
Neponset valleys for the existing metropolitan sewers have been 
estimated for the years from 1905 to 1914 inclusive, from infor- 
mation obtained from the oflSce of the State Treasurer. The 
annual cost of maintenance and operation has been estimated 
from the records of the Metropolitan Sewerage Commission. 

These various charges, estimated for the year 1910, are as 
follows : — 

Probable rental to be paid to the city of Boston, .... $112,000 

Interest and sinking fund charges for the metropolitan sewerage 

loans : — 

Charles River, $30,720 

Neponset River, 33,410 

$64,130 

Maintenance of metropolitan sewers, .... 5,000 

69,13a 



Total for the year 1910, $181,130 
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This estimate rests upon the assumption that the capacity of 
the existing Boston main drainage works would in other respects 
be equal to the handling of the sewage until the year 1910 ; an 
assumption which is inexact. If the city of Boston should in the 
mean time build a high-level sewer for its own relief, as is recom- 
mended by its officials y the rental might be largely increased. 

Annual Cost of the South Metropolitan System. 

The district which is to be tributary to the high-level system 
is to be known as the south metropolitan system. It includes, 
among others, the districts composing the Charles and Neponset 
metropolitan sewerage systems. 

A forecast of valuation similar to that used by the apportion- 
ment commissions has been made for the year 1900, based upoa 
the valuations given in chapter 232 of the Acts of 1898, which 
is intended to cover the triennial period 1898, 1899, 1900. The 
valuations in the various fractional districts in Boston which are 
included in the south metropolitan system are based upon the 
valuations given in the annual report of the assessing depart- 
ment, which gives the valuation in each ward. These ward 
valuations were increased in proportion to the totals, so as to- 
make the valuations agree with the estimated valuations of Bos- 
ton in 1900, as given in said chapter. 

A forecast of population has also been made for the year 
1900, as it is important, for purposes of comparison, that the 
estimated valuations and populations should be those for the 
same year. 

There appears to be no reliable way to estimate valuations 
ten or twelve years in advance, and it is thought that these ratios^ 
for the year 1900 may be a reasonable forecast for the year 1910.. 
They have, therefore, been so used in this discussion. 

The estimated expenses for the year 1910 are used to repre- 
sent approximately the average annual expenses during the 
decennial period from 1905 to 1915. They are as follows : — 

Interest and Sinking Fund Charges in 1910. 

Charles River valley, $30,720 

Neponset valley, 33,410 

Proposed high-level project '® 3^ per cent, on estimated 

cost to Nut Island outlet ($4,579,548), . . . 160,284 

$224,414 
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Maintenayice Charges in 1910. 

Pamping station, Charles River line, .... $12,000 

Maintenance of Charles and Neponset lines, . . . 3,000 

Disposal of sewage in Neponset intercepter below Hyde 

Park, rental to Boston, 3,000 

Maintenance of main line high-level sewer, . . . 6,000 

Quincy pumping station, 5,000 

$29,000 

Total in 1910, $253,414 



»» 



It seeins probable that, for purposes of assessments, the entire 
south metropolitan system will.be treated as a whole by future 
apportionment commissions, and it is assumed that the charges 
for interest, sinking fund aod maintenance, both for the existing 
Charles and Neponset metropolitan systems and for the other 
portions of the south metropolitan system, will be united, and 
that these assessments will be apportioned on the same bases as 
are the present metropolitan sewei'age loans, — namely, the in- 
terest and sinking fund charges on the basis of valuation, and the 
maintenance charges on the basis of population. 

The valuation of the present Charles and Neponset metropol- 
itan districts is about 71.73 per cent, of the valuation of the 
south metropolitan distript. They may, therefore, be called 
fq)on to pay that percentage of the interest and sinking fund 
charges. 

The population of these districts is about 68.14 per cent, 
of the population of the south metropolitan district, and they 
may be called upon to pay that percentage of the maintenance 
charges. 

The total expenses that these districts might be called upon 
to pay in 1910 may therefore be as follows : — 

For interest and sinking fund, 71.73 per cent, of $224,400, . . $160,962 
For maintenance, 68.14 per cent, of $29,000, 19,760 

Total in 1910, $180,722 

It has been shown that the probable charges to those dis- 
tricts in 1910 would be about $181,130 if the capacity of the 
existing Boston main drainage works were sufficient to allow 
the present rental system to be continued until that time. Thus 
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the south metropolitan system, if constructed by the Common- 
wealth, would cause the annual expense falling upon the present 
Charles and Neponset metropolitan systems as a whole to be 
about the same, during this decennial period, that it would be 
if the present rental system could be continued ; but it has been 
shown in the earlier part of this report that the capacity of the 
Boston main drainage will soon prove to be inadequate, and 
that relief such as would be afforded by this high-level project 
must soon be provided. The construction of the high-level 
sewer by the Commonwealth would result in this great advan- 
tage, — that the district would then own the system of works, 
instead of continuing the payment of a large rental perpet^ 
ually. 

Although the above comparison shows that the annual expense 
to the Charles and Neponset valleys as a whole would be about 
the same in each of the assumed cases, the amounts to be paid 
into sinking funds are different, about $20,000 more being 
called for in the case of the south metropolitan system. This 
amount would be a relative saving, as the money would be 
paid for a permanent investment instead of for a rental. 

The total expense to the south metropolitan district in 1910, 
estimated at about $253, 400^ would probably be divided some- 
what as follows : — 

Boston, including areas in the existing metropolitan districts, . $106,190 
Charles and Neponset valleys, excluding Boston, . 133,060 

Quincy, 14,160 

Total, $253,400 

Conclusions. 

This examination of the questions relating to the high-level 
sewer has led to the following conclusions : — 

The area of the territory the sewerage systems of which, so 
far as they are developed, are connected with the Boston main 
drainage works, is more than double the area originally intended 
to be tributary to them. 

The volume of sewage reaching the pumping station of the 
Boston main drainage is already so great as to exceed the con- 
tinuous working capacity of the works during heavy and long- 
continued storms. This is shown by — 
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1. The abnormal depth of flow in the Charles River metro- 
politan sewer for considerable periods of time, resulting in the 
closing of the regulators and the overflow of eewage into Charles 
Biver through storm outlets during such periods. 

2. The estimates of the quantity of sewage made during 
this examination, which shows that the capacity of the works 
is reached during storms. 

3. The fact that those in charge of the sewer division ai'e 
already aware of the necessity of providing an early relief for 
the pumping system, and recommend the construction of a high- 
level sewer for that purpose. (See report of street department, 
1896, pages 329 and 363.) 

The capacity of the high-level sewer should be adequate to 
meet the needs of the district until the year 1940, at which time 
there would be a tributary population on both high and low 
areas, estimated at about 1,550,000 persons. 

It seems unwise to concentrate the sewage from so large a 
population and to discharge it at one place, as Moon Island. 
It seems better to discharge it at more than one outlet, and to 
lead the high-level sewer to an outlet into the strong tidal 
currents near Peddock's Island, leaving Moon Island for the 
future expansion of the low-level pumping system. 

The cost of the high-level sewer, with reservoir and outlet at 
Moon Island, is estimated at $5,194,000; and with reservoirs 
and outlet at Peddock's Island, at $5,424,974. The annual 
cost of maintenance is estimated at $37,500, in either case. 
There is little choice between these two locations as regards 
cost; but, as Peddock's Island presents an almost unlimited 
opportunity for future expansion, and is situated near stronger 
tidal currents which can convey to sea a larger volume of 
sewage, it seems preferable, if the discharge is to be made from 
a reservoir. 

It is found to be practicable to convey the sewage to the 
strong tidal currents near Peddock's Island by means of sub- 
merged pipes leading from Nut Island, and to discharge it by 
continuous flow, as is done at Deer Island. This method of 
disposal is recommended for the following reasons : — 

1. The strength and volume of these currents are about the 
same as those of the currents near Deer Island, where a continu- 
ous discharge of sewage has been in operation for several years. 
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2. The diffasioQ of the sewage into the waters of the harbor 
would be more rapid if it were discharged continuously in a 
stream of moderate size, instead of being stored for nearly 
half a day and then discharged in bulk in a comparatively short 
time. 

3. The sewage would be discharged into tidal currents of 
large volume and high velocity, and the discoloration of the 
harbor water would disappear before any shores were reached. 

4. The usual conditions of flow would generally be continued, 
and the lower lengths of the outfall sewer would not be flooded, 
as they would be if the sewer were to discharge into a reservoir 
when nearly full. The formation of deposits and gases within 
the sewer would consequently be avoided. There would be 
little or no setting back of the sewage during average conditions 
of high tide. 

5. The saving in first cost and in the capitalized cost of 
maintenance which would result from discharging the sewage 
continuously from Nut Island instead of from a reservoir on 
Peddock's Island is estimated at about $1,278,000. As the 
reservoir and outfall works are enlarged from time to time, to 
provide for the increasing quantity of sewage, this capitalized 
difference of cost would also increase. 

6. Estimates made for the year 1910 indicate that the relief 
obtained by the high-level sewer would cause no greater annual 
expense to the existing Charles and Neponset metropolitan 
districts as a whole than is now incurred under the present 
rental scheme, and that it would cause about $20,000 more to 
be paid into sinking funds annually during the period from 
1905 to 1915 than would be the case under the present rental. 
This would be a relative saving, as it would be paid for a per- 
manent investment for a few years, instead of for a rental 
perpetually. 

The following engineers and their assistants have been en- 
gaged on the investigations and studies for this report : — 

Charles H. Swan, assistant engineer, in charge of the special 
hydraulic studies, and the preparation of the text of this 
report. 

Francis L. Sellew, assistant engineer, in charge of the prepa- 
ration of maps, plans and estimates, and studies of the engi- 
neering details. 



88 HIGH-LEVEL SEWER FOR CHARLES [Jan. 

Frederick D. Smith, assistant engineer, in charge of the 
hydrographic surveys and studies. 

C. Barton Pratt, assistant engineer, in charge of topographical 
and geological surveys. 

Thomas Bloomfield, in charge of the clerical and stenographic 
work. 

Respectfully submitted, 

WILLIAM M. BROWN, Jr., 

Chief Engineer^ 
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APPEI^DIX. 



Rkpokt on the Degree and Area of Pollution 
OF THE Harbor Water caused by the Pres- 
ent Discharge of Sewage at Moon Island 
AND Deer Island. 



By H. W. Clark, Chemist to the State Board op Health. 



Lawrence, Mass., Dec. 9, 1898. 

WiLUAM M. Brown, Jr., CJE., Chief Engineer and Superintendent, Metro* 

politan Sewerage Commissioners, 

Sib : — I make the following report on the examination into the de- 
gree of pollution of the harbor caused by the volume of sewage dis- 
charged at the Moon Island and Deer Island sewer outlets. 

This examination has been made with the following objects in 
view : first, to make a comparison of the volume and composition of 
the sewage discharged at Moon Island and that discharged at Deer 
Island ; second, to ascertain the effect upon the harbor, in the im- 
mediate vicinity of each outlet, during discharges of sewage, as to 
the area covered by sewage, the depth of the layer of sewage, and 
the distance from the outlets reached by the sewage before it be- 
comes so mixed with sea water that it fails to be recognized either 
by the appearance of the water or by chemical analysis ; third, to 
determine whether there is any permanent pollution of the water and 
shores of Quincy Bay caused by the discharge of sewage at Moon 
Island ; fourth, to obtain, if practicable, sufficient data to indicate 
the effect of discharging from Moon Island, at each tide, volumes of 
sewage two or three times as great as those now discharged there. 

Each sewer outlet has been visited frequently, to observe the de- 
gree of pollution of the harbor in its vicinity ; series of samples have 
been collected from different areas in the harbor, in order to study 
the diffusion of the sewage ; the movement of the sewage through 
the water from each outlet has been observed ; and observations of 
the currents have been made with floats. 

The sewage is discharged from the Deer Island outlet in a con* 
tinuous stream. This outlet is about 9 feet below the surface of the 
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water at ordinary high tide. It is consequently nearly at the level 
of low tide. On the other hand, the discharge of sewage at Mooa 
Island was intended to be wholly from a reservoir, into which the 
sewage is pumped and from which it is discharged about one hour 
after each high tide. The reservoir holds about 22,000,000 gallons, 
but this capacity is now insufficient, and the reservoir is being en- 
larged to nearly double its present capacity. The discharge from 
the reservoir is now supplemented by a continuous discharge of sew- 
age from the outlet, which frequently equals or exceeds the volume 
stored in and discharged from the reservoirs. 

The characteristic outlines of the sewage areas produced by the 
discharge of sewage at Moon Island and Deer Island are given on 
the annexed map. 

Quality of Sewage discharged from: Each Outlet. 

Samples of sewage were collected daily during the month of Sep- 
tember at the Deer Island pumping station, at the screen chamber of 
the Boston main drainage works at Old Harbor Point, and at the 
Moon Island reservoir. The samples collected at Deer Island and 
at Old Harbor Point were " twenty-four hour samples," that is, one 
twenty-fourth of a gallon of sewage was collected each hour during 
the twenty- four, and turned into a gallon bottle. The gallon of sew- 
age collected in this way was the sample analyzed. The samples 
collected at the Moon Island reservoir were taken during the dis- 
ijharge, which lasts but three-quarters of an hour, the method being 
Bimply to fill the bottle at once during the discharge. 

The following table shows the average composition of the sewage 
during September, 1898 : — 

[Parte per 100,000.] 



LOCALITY. 


Free 
Ammonia. 


Albmninoid 
Ammonia. 


Chlorine. 


Deer Island pumping station, 

Old Harbor Point, .... 

Moon Island reservoir, 


2.15 
2.26 
1.72 


.69 
.69 

.48 


330 
155 
236 



These averages show that the amount of organic matter in the 
samples collected at Deer Island and at Old Harbor Point was about 
the same, volume for volume. The greater amount of chlorine found 
in the Deer Island sewage is due to the fact that large amounts of 
salt water used daily by various industrial works are allowed to flow 
into this sewer. 

The samples collected at Moon Island reservoir contain less organic 
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matter than those taken at Old Harbor Point. This is due partly to 
the removal of sladge at the deposit sewers and by sedimentation in 
the reservoir, and partly to the fact that the sewage, in passing from 
the pnmping station to the reservoir, has evidently been dilated by 
4siea water. This is shown by the larger amount of chlorine found in 
the sample collected at the reservoir. The increase of chlorine in 
the reservoir sewage would show a leakage of 4 or 5 per cent, of 
«ea water into the sewer between the pumping station and the reser- 
voir. Another indication of leakage and dilution is the smaller 
amount of free ammonia in the average reservoir sewage. On ac- 
count of this loss of organic matter, and dilution, statements in the 
following pages as to the percentage of sewage in samples collected 
from the harbor will be based upon the strength of the average sew- 
age during September, using the Old Harbor Point average for sam- 
ples from the Moon Island area, and the Deer Island average for 
samples from the De^r Island area, unless the contrary is expressly 
stated. 

Sewage discharged into the salt water of the harbor has a tendency 
to rise and mingle with the upper portions of the salt water to a 
much greater degree than with the deeper portions. This is due partly 
to the greater density of the salt water and partly to the considerable 
amounts of fatty matter in suspension and solution in the sewage. 



Sea Water, Harbor Water, and the Water of Quinoy Bay. 

During the courae of this investigation a number of samples have 
been collected just outside the harbor or near the harbor entrance, in 
order to determine the organic contents of this water, which is prac- 
tically unpolluted. Samples were also collected between the Moon 
Island outlet and the Deer Island outlet, at places not usually in- 
fluenced by the sewage discharged from these outlets. Other samples 
were collected from different points, reaching from outside Deer 
Island up as far as the national docks. A series of samples was also 
taken from various locations in Quiucy Bay. The averages of the 
analyses of these samples are given in the following table : — 

Average Analyses of Sea and Harbor Water, 

[Parts per 100,000,] 



LOCALITY. 


Free 
Ammonia. 


Albuminoid 
Ammonia. 


Chlorine. 


Sea water, 

Harbor water, 

Quincy Bay, 


.0057 
.0139 
.0066 


.0124 
.0132 
.0124 


1,740 
1,681 
1,708 
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On no occasion during the days of observation, neither during con- 
tinuous discharge nor during the reservoir discharge at Moon Island^ 
has the sewage shown any tendency to flow into Quincy Bay south ot 
a line drawn from Squantum Head across Sunken Island Beacon to 
Peddock's Island, and on only one occasion has it approached this 

line. 

The Discharge of Sewage at Moon Island. 

When the continuous discharge of sewage from Moon Island takes 
place during the flood tide, the sewage is generally carried between 
Thompson's Island and Moon Island. When the reservoir is dis- 
charged on the ebb tide, the sewage spreads out in a broad field, 
curving around the upper end of Long Island and extending across 
just into Quincy Bay. It then passes down the harbor, usually 
through the channel between Long and Rainsford islands, but some-? 
times also passing into the channel south-east of Rainsford Island. 

Buoys were placed in the harbor in front of the Moon Island out- 
let, before making observations or collecting samples from the harbor. 
These buoys were located at definite points in the area which was 
expected to be reached and covered by the sewage discharged from 
the reservoir. They were numbered from 1 to 17 as is shown on the 
map accompanying this report. One line of buoys extended across 
the outlet about 6,500 feet in the direction of the lower end of Ped- 
dock's Island ; another line of about the same length extended across 
the first line nearly in the direction of Spectacle Island. 

Many samples were collected within this area on different days, 
and many samples were also collected beyond or outside of this area. 
The details of the analyses of these samples and other information 
are given with the tables hereto appended. 

Such examinations of the shores and bed of the harbor as have 
been made indicate that no serious pollution of them has resulted 
from the discharge of sewage, except directly around the outlet and 
in the small cove near the outlet ; but an appreciable pollution can 
be noted at low tide for some distance around both sides of Moon 
Island and along the causeway leading to Squantum Head. 

The information obtained from these observations of the sewage 
fields at Moon Island, from the analyses of the many samples col- 
lected at different places within and without these fields and from the 
examination of many samples by the eye alone, leads to the following 
conclusions : — 

1. The area covered by a reservoir discharge of 22,000,000 gal- 
lons is approximately 750 acres. 

2. This area is enlarged according to the volume of sewage 
allowed to run from the outlet continuously either before or after 
a reservoir discharge. 
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3. A considerable time having elapsed after a reservoir discbarget 
a continuous discharge is held to a much narrower field than that 
occupied when 22,000,000 gallons are discharged within three-quar- 
ters of an hour. 

r 4. When 11,000,000 gallons of sewage are allowed to run from 

the reservoir, and the gates are then closed, the area covered is not 
more than one-third what it is when 22,000,000 gallons are discharged 
at one time. 

5. The discoloration of the field of 750 acres at times of a full 
discharge is plainly marked on a comparatively calm day, and is 
objectionable to the sense of sight over about two-thirds of the area ; 
but the offensive odors on a calm day are confined to a relatively 
small portion of the area. 

6. The presence of sewage is indicated at times by the presence 
of matters in suspension in the water for a distance of at least 1^ 
miles from the sewer outlet. Beyond this distance areas of sleek are 
sometimes visible, and occasionally areas containing distinct traces 
of sewage matter are seen. 

7. Observations of the rate of flow show that the sewage advances 
somewhat faster than the tidal flow for a few hundred feet from the 
outlet, owing to the impetus given by the high velocity in the outlet 
sewer. 

8. The obser\'ations and analyses show that, generally speaking, 
the upper two or three inches of the sewage area contain much the 
greater percentage of sewage for a considerable period, and that this 
percentage decreases from the surface downward when the area is 
first covered. The percentage of sewage in the lower samples be- 
comes less as the field moves forward and expands, and the sewage 
becomes more and more diluted on account of the greater area 
covered. The percentage of sewage in the surface samples also be- 
comes less, although we are able to trace the presence of sewage at 
the surface longer than at the depth of a foot or more, on account of 
the large amount of sewage primarily present at the surface. It is 
also probable that there is a continuous sedimentation of the sus- 
pended matter in the sewage from the time the sewage is first dis- 
charged. This sedimentation takes place so gradually, and in a 
volume of water so large, that samples collected at a depth of 5 feet 
seldom show the presence of sewage, either by inspection or analysis. 

9. The temporary pollution of the sea water was mainly confined 
to the discolored area. This was usually found to have been broken 
up and dissipated in from two to three hours after the discharge of 
sewage, depending largely upon the force of the waves. 

10. The large areas sometimes noticed, because covered with a thin 
film of grease or so-called sleek, do not contain beneath this film 
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enough sewage to be detected, and the film itself is hardly of appre* 
ciable thickness. 

11. The most noticeable odors blown towards the land from Moon 
Island appear to come from the sewage in the open reservoir, and not. 
from the sewage after it has been discharged into the harbor. 

The Sewage Field at Deer Island. 

Sewage flows continuously from the outlet at Deer Island. The 
average volume discharged daily in September was 38,200,000 gal- 
lons, which is almost exactly one-half the average daily volume pumped 
to the Moon Island outlet during the same month. 

The general direction in which the sewage is carried after leaving 
this outlet is as follows. When the tide is ebbing, the sewage runs 
out to sea for a large part of the time nearly in an easterly direction. 
When the tide is coming in, the sewage current swings slowly around. 
This movement, however, is somewhat delayed by the fact that the 
sewer outlet is on the harbor side of the bar stretching from Deer 
Island to Deer Island Light. As the tide enters the lower portion of 
the harbor and comes around the upper end of Long Island, its ten- 
dency is to keep the sewage field flowing in the direction of the lower 
end of Long Island until the water has risen enough to cover the bar 
between Deer Island and Deer Island Light. The sewage is then 
carried in the direction of Governor's Island. 

At high water there is a sewage field lying south and west of the 
outfall. As the ebb tide currents start, this field moves outward over 
Broad Sound, and is connected with the outfall by a band of sewage 
varying from 50 to 250 feet in width. 

Series of samples were collected and observations were made on 
the Deer Island sewage fields on September 2, October 4 and October 
24. The details of the analyses of these samples and other informa- 
tion are given with the annexed tables. 

A determination was made of the number of bacteria present in the 
sewage at the outlet, and in samples taken at the same distance from 
the outlet as the samples for chemical analysis. The results corre- 
spond with the chemical results, and are as follows : — 

Number of Bacteria per Cubic Centimeter. 

At outlet, 2,240,000 

600 feet from outlet, 121,000 

1,000 feet from outlet, 35,000 

3,000 feet from outlet, limit of area, .... 1,800 

The investigations of the discharge of sewage from the Deer Island 
outlet lead to the following conclusions : — 
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1. At high water there is a sewage field lying south and west of 
the outlet. Immediately at the outlet, sewage can be traced to a 
depth of about 5 feet. At the surface, in the densest part, there was^ 
about 30 per cent, of sewage. This percentage decreases rapidly as 
the distance from the outlet increases. At 900 feet from the outlet 
only a small percentage of sewage was found, and at the edge of the 
visible sewage field the samples were nearly normal sea water. 

2. As the ebb tide currents start, this field moves outward over 
Broad Sound, and is followed by a narrow band of sewage from the 
outlet. Samples taken directly over the outlet show that this band 
has there a depth of about 5 feet, and that the densest part at the 
surface contains about 30 per cent, of sewage. 

3. Samples taken at intervals of fifteen minutes show a steady 
decrease in the amount of sewage present, as follows : — 

Percentage of Sewage in Surface Saw/pies. 

15 minutes after leaving outfall, 20 

80 minutes after leaving outfall, 15 

45 minutes after leaving outfall, 5 

60 minutes after leaving outfall, 4 

Less sewage is found below the surface, but distinct traces of it 
can be generally found at a depth of 2 feet. 

4. The discoloration has nearly disappeared when the sewage has 
moved IJ miles from the outlet, which takes about one and one-quar- 
ter hours. Beyond this distance only the sleek can be found, and this 
only on calm days. The area covered by the discolored field is about 
350 acres during the ebb tide, but including the sleek the area is about 
450 acres. Samples taken for analysis from the area of sleek show 
practically no organic matter, as the sleek itself is simply an exceed- 
ingly thin film of grease upon the surface of the water. 

5. A field of sewage collects on the west side of Deer Island spit 
at low tide. This field extends nearly to the Deer Island shore. The 
discoloration can be traced for about one and one-half hours, reach- 
ing a distance of about 1 mile and covering an area of about 300 
acres. 

6. The odors at the Deer Island outlet are much less noticeable 
than at Moon Island. This difference is due to the storage of sewage 
in the reservoir at Moon Island, as disagreeable odors increase whea 
sewage is stored. 
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Conclusions as to the Proposed Continuous Discharge op 

Sewage near Peddock's Island. 

1 . The tidal volume passing between Rainsf ord Island and Long 
Island during the ebb tide is about 72,000 cubic feet per second, as 
determined by your office. A full discharge from the reservoir at 
Moon Island covers an area of about 750 acres while passing through 
this channel. When the amount of sewage discharged from the reser- 
voir is only half the usual amount, the area covered is only about one- 
third as large. Reasoning from this, it seems probable that, if the 
volume of sewage discharged at each tide should become twice as 
great as the volume now discharged, the area covered by it might be 
at least 1,500 or 2,000 acres, and that, because of such a large dis- 
charge, a large area would remain covered with sewage for several 
hours. The area of dense pollution would also be correspondingly 
enlarged. On the other hand, the continuous flow of sewage from the 
Deer Island outlet is seldom more than 2,000,000 gallons per hour, 
and the area covered is about 450 acres. This area contains a much 
smaller percentage of sewage than does the Moon Island area ; be- 
cause there are only about 2,000,000 gallons to be distributed each 
hour over an area of about 450 acres at Deer Island, instead of about 
22,000,000 gallons to be distributed over an area of about 750 acres 
at Moon Island, and because the tidal flow at the Deer Island outlet is 
about three and one-half times the tidal flow at the Moon Island 
outlet. 

2. A continuous discharge of sewage from an outlet near Ped- 
dock's Island into a tidal flow of about 200,000 cubic feet per second 
would produce about the same effect upon the surrounding water as 
that produced at Deer Island, if the volume of sewage discharged 
were the same at each place. A discharge of several times this vol- 
ume per hour would make the visible area of pollution somewhat 
greater ; but, judging from surrounding conditions at Moon Island 
and at Deer Island, the hourly discharge might reach 10,000,000 gal-' 
Ions without causing offence to the sense of smell, except over a 
somewhat limited area. The volume of tidal flow would certainly not 
allow serious deposits of organic matter^ to accumulate. When the 
hourly discharge has become greater than this, more outlets may per- 
haps be needed to give the best results, as dilution with sea water, 
the chief factor of successful sewage disposal in this manner, would 
be more rapid with a greater number of outlets. 

It should be understood that, at whatever point sewage may be 
discharged into the harbor, the constantly increasing quantity of sew- 
age may in time reach such a volume that its diffusion in the water 
may become imperfect, and then noticeable odors may be produced. 
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OP 



Samples collected in Boston Haeboe, 

Both within and without the Areas influenced 
BY the Discharge of Sewage at Moon Island 
AND Deer Island, and Other Information re- 

LATING THERETO. 



Table No. 1. Samples of sewage at Deer Island. 

Table No. 2. Samples of sewage at Old Harbor Point pumping station. 

Table No. 3. Samples of sewage at Moon Island reservoir. 

Table No. 4. Samples from the harbor. 

Table No. 6. Samples from the harbor. 

Table No. 6. Samples from the harbor. 

Table No. 7. Samples from Quincy Bay and River. 

Tables Nos. 8-14. Samples from Moon Island area. 

Tables Nos. 15-17. Samples from Deer Island area. 
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Table No. 



1. — Series of Samples collected at Deer Island Pumping 

Station. 

[Chemical amdyiU, parts per 100,000.] 



DATE. 



September 1, 
" 2, 

5: 

ii 

10, 
11. 
12. 
13. 

16. 
16. 



<i 
t< 
<i 
i< 
If 
II 
II 
II 
II 
II 
II 
II 
It 
II 



AXXONIA. 



free. 



Alba, 
mlnoid. 



Chlorine, 





1.36 


.86 




1.90 


.46 




2.00 


.38 




2.40 


.38 




1.10 


.27 




1.40 


.48 




2.16 


.44 




1.40 


.70 




2.00 


.48 




2.00 


.46 




8.40 


.41 




2.60 


.94 




1.76 


.76 




8.10 


1.06 




3.10 


1.17 




2.16 


.43 



374 
384 
320 
380 
344 
311 
276 
289 
282 
800 
306 
313 
319 
296 
336 
311 



DATE. 



September 17, 
18, 

1». 
20. 

21. 

S» 
23, 

24. 

26. 

26, 

27, 

28, 
29, 
30, 

Averages, 



AXXOHIA.. 



Free. 



Albu. 
minoid. 



Chlorine. 



2.85 


.68 


2.00 


.48 


2.26 


1.17 


1.76 


.74 


1.90 


.81 


2.06 


.99 


1.66 


.61 


2.16 


.61 


1.86 


.60 


2.16 


1.13 


1.75 


.97 


3.60 


1.44 


2.00 


.70 


2.60 


.64 


2.16 


.69 



817 
854 
320 
839 
840 
340 
270 
366 
844 
344 
361 
880 
386 
866 



380 



Table No. 2. — Series of Samples collected at Old Earhor Point Pumping 

Station, 









[Chemical analysis, parts per 100,000.] 








Time. 


AXXONIA. 




DATE. 








Albu- 
minoid. 


Chlorine 




Began 12 x. 


Ended 12 x. 


Free. 




September 1, ... 


August 31, 


September 1, 


1.76 


.62 


176 


2. 








September 1, 


2, 


1.50 


1.21 


177 


8. 








2, 


3, 


1.96 


.66 


140 


4 








3, 


4 


2.00 


.46 


141 


6, 








4 


6 


2.20 


.40 


180 


6, 








5. 


e 


2.00 


.62 


131 


T, 








6, 


7 


2.00 


.82 


160 


8 








7 


8 


1.60 


.49 


129 


fl 








s; 


9; 


1.90 


.64 


110 


" 10 . 








9, 


" 10, 


1.90 


.63 


169 


11 








10 


111 


6.60 


.66 


186 


" 12 . 








" 11; 


*• 12, 


2.60 


.78 


170 


13, 








** 12, 


13, 


2.60 


.80 


180 


14, 








13, 


14; 


2.26 


.68 


164 


15 








14; 


" 16, 


2.50 


.84 


141 


16 








15, 


16 


2.60 


.96 


150 


17 








16 


" 17, 


2.35 


.60 


13& 


18 








17 


" 18, 


2.36 


.70 


166 


" 19 








•« 18 


" 19, 


2.10 


.64 


161 


20, 








19. 


" 20, 


2.66 


.84 


90 


21 








20, 


" 21, 


2.16 


.91 


110 


22, 








21. 


" 22, 


2.16 


1.03 


160 


23 








22, 


" 23, 


2.26 


.76 


100 


24; 








«* 23, 


" 24, 


2.10 


.69 


130 


25, 








24; 


'* 25, 


2.16 


.49 


269 


26 








•' 25, 


" 26, 


1.60 


.61 


170 


27 








" 26, 


" 27, 


2.20 


.78 


191 


28 








27 


" 28, 


2.00 


.62 


196. 


" 29; . 








" 28 


" 29, 


1.70 


.61 


160 


30, 








" 29 


" 30, 


2.56 


.82 


147 


Averages, 


2.26 


.69 


165 



1899.] AND NEPONSET RIVER VALLEYS. 



99 



Table No. 3.— Series of Samples collected at Moon Island Seservoir, 

[Chamieal analyali, pait* par 100,000,] 





Time. 


Ammonia. 




DATS. 






Chlorine. 






Free. 


Albuminoid. 




September 1, .... . 


1:00 


1.10 


.23 


280 


2, 


12:00 


1.80 


.26 


276 


8 


12:00 


1.10 


.23 


288 


4 


12:00 


1.20 


.19 


234 


6 


12:00 


1.20 


.31 


260 


6 


12:00 


2.40 


.66 


164 


T, 


12:00 


2.86 


.84 


130 


8 


12:00 


2.00 


.49 


201 


» 


12:00 


1.90 


.46 


210 


" 10 


12:00 


2.60 


.66 


211 


" 11 


2:00 


1.26 


.92 


240 


" 12 


10:00 


2.66 


.42 


211 


" 18 


10:00 


1.16 


.80 


189 


" 14; 


10:00 


.06 


.71 


180 


" 15. .... 


10:00 


1.16 


.29 


194 


" 16 


11:00 


1.40 


.80 


201 


" 17 


10:00 


1.20 


.26 


260 


" 18 


10:00 


1.80 


.44 


216 


" 19 


10:00 


1.26 


.31 


261 


" 20 


10:00 


1.00 


.86 


346 


" 21 


10:30 


1.26 


.60 


274 


" 22 


10:90 


1.60 


.41 


289 


" 28 


11:00 


1.66 


.67 


140 


" 24 


11:00 


1.00 


.66 


3U 


" 26 


12:00 


2.26 


.68 


820 


" 26 


12:00 


3.00 


.69 


260 


" 27 


10:80 


1.40 


.31 


281 


" 28; 


11:00 


1.80 


.60 


210 


Z9« . • • • . 


1:80 


3.16 


.97 


184 


" 8o; 


12:00 


8.10 


.74 


166 


Averages, 


1.72 


.48 


230 



Table No. 4. — Series of Samples collected August 2 0^ from Moon Island 

to beyond Deer Island Light, 

High Tide at 1 p.m.; Direction of Wind, North-east; Reservoir discharged at about 

1:40 P.M. 











[Chemical analytia, parte per 100,000.] 








Time. 


Depth. 


Ammonia. 




STATION. 






Chlorine. 








Free. 


Albuminoid. 




Station 1, . . . . 


11:30 


Surface, . • 


.0200 


.0106 


1,666 


" 1. . 








11 


;30 


2 feet, . 




.0168 


.0218 


1,614 


" 1, . 








11 


1 30 


6 feet, . 




.0260 


.0182 


1,604 


" 2, 








11 


:66 


Surface, 




.2200 


.0640 


1,342 


" 2, . 








11 


•66 


2 feet, . 




.0262 


.0168 


1,662 


" 2, , 








11 


-66 


6 feet, . 




.0162 


.0120 


1,666 


" 3, . 








12 


•16 


Surface, 




.0234 


.0146 


1,606 


" 8, . 








12 


16 


2 feet, . 




.0128 


.0128 


1,676 


" 8, . 








12 


•16 


5 feet, . 




.0180 


.0144 


1,680 


" 4, . 








12 


•80 


Surface, 




.0216 


.0142 


1,640 


" 4, . 








12 


•80 


2 feet, . 




.0168 


.0124 


1,668 


" 4, . 








12 


30 


6 feet, . 




.0168 


.0146 


1,680 


" 6, . 








12 


•46 


Surface, 




.1284 


.0436 


1,650 


" 6, . 








12 


•46 


2 feet, . 




.0268 


.0106 


1,670 


" 5, . 








12 


46 


4 feet, . 




.0114 


.0110 


1,701 


" 6, . 








12. 


63 


Surface, 




.0S06 


.0280 


1,660 


" 6. , 








12. 


•63 


2 feet, . 




.0682 


.0260 


1,606 


" 6. . 








12: 


63 


6 feet, . 




.0284 


.0136 


1,615 


•• 7, . 








1: 


06 


Surface, 




.0042 


.0106 


1,666 


" 7, , 








1: 


06 


2 feet, . 




.0080 


.0182 


1,666 


" 7, . 








1: 


06 


6 feet, . 




.0064 


.0136 


1,670 
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Table No. 5. — Series of Samples collected August 23, from Outside Deer 

Island up to National Docks. 

Flood Tide i High Tide at 3 :1S p.m. ; Direction of Wind, Sontto-weat. 

[Chamieil uujyili, parta per lOO/WO.] 



Table No. 6. — Series of Samples collected September 7, from Outside I 
Island to National Docks. 
Ebb Tide; High Tide Bt4:23 P.M.; Direction of TTlnd, Sontb. 
[Cbemloal nulyali, pmrts par 100,000.] 



Free. Albuminoid. 
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Table No. 7. — Series of Samples collected August 17 ^ from Quinci/ Bay 

and River. 

High Tide at 5 : 16 p.m. ; Direction of Wind, South-west. 
[Chemical analysis, parts per 100.000.] 













Time. 






AXXONIA. 




STATION. 


Depth. 






Chlorine. 








Free. 


Albuminoid. 




Station 1 


11:30 


Surface. . 


.0064 


.0148 


1,728 


" 1. . 










11:30 


2 feet. . 




.0064 


.0136 


1,600 


" 1, . 










11:80 


5 feet. . 




.0066 


.0150 


1,734 


" 2, 










12:10 


Snrface. 




.0150 


.0142 


1,538 


" 2, . 










12:10 


2 feet. . 




.0040 


.0160 


1,584 


" 2, . 










12:10 


5 feet, . 




.0066 


.0144 


1,636 


" 3, 










11:30 


Surface. 




,0026 


.0122 


1,731 


" 3, 










11:30 


2 feet, . 




.0026 


.0140 


1,721 


" 3, . 










11:80 


5 feet. . 




.0032 


.0142 


1,718 


" 4, 










11:40 


Surface. 




.0040 


.0122 


1,718 


" 4, 










11:40 


2 feet, . 




.0034 


.0124 


1,725 


" 4, . 










11:40 


5 feet, . 




.0066 


.0174 


1,716 


" 6, . 










12:56 


Surface, 




.0036 


.0112 


1,724 


" 5, 










12:55 


2 feet. . 




.0172 


.0102 


1,718 


" 5 










12 : 55 


5 feet. . 




.0040 


.0116 


1,748 


" 6, . 










1:00 


Surface. 




.0040 


.0096 


1,739 


" 6. 










1:00 


2 feet. . 




.0072 


.0098 


1,727 


" 6, 










1:00 


5 feet, . 




.0036 


.0092 


1,740 


" 7, . 










1:15 


Surface, 




.0034 


.0098 


1,747 


" 7, 










1:15 


2 feet, . 




.0042 


.0112 


1,757 


" 7. 










1:15 


5 feet, . 




.0030 


.0088 


1,728 



Table No. 8. — Series of Samples collected June l,from Moon Island Area. 

High Tide at 8 : 01 a.m. ; Direction of Wind, North-east; Reservoir Discharge began at 

about 8 : 40 a.m. 

[Chemical analysis, parts per 100,000.] 

















Time. 


Ammonia. 




STATION. 






Chlorine. 






Free. 


Albuminoid. 




Station 1, . 


8:60 


.0280 


.0880 


1,709 


" 1, 














10:03 


.1000 


.0680 


1.673 


" 2, 














8:55 


.0720 


.0800 


1,676 


" 2, 














9:50 


.0200 


.0360 


1,699 


" 8, 














8:44 


.0120 


.0680 


1,669 


" 3, 














9:43 


.0120 


.0620 


1,660 


" 4, 














9:40 


.0120 


.0920 


1,688 


" 5, 














8:30 


.0260 


.0360 


1,666 


" 5, 














9:43 


.1400 


.1360 


1,441 


" 6, 














10:13 


.ISiOO 


.0880 


1,431 


" 6, 














8:46 


.2840 


.1200 


1,462 


" « 














10:00 


.2400 


.2280 


1,440 


" 7, 














7:30 


.2120 


.1680 


1,468 


" 7, 














8:40 


.0720 


.0880 


1,621 


" 7, 














10:00 


.2240 


.2240 


1,180 


" 7, 














10:27 


.1000 


.1360 


1,490 


" 8. 














6:85 


.0680 


.0920 


1,619 


" 8, 














10:00 


.1400 


.1360 


1,400 


" 9, 














8:30 


.0720 


.0720 


1,648 


" 9, 














10:00 


.0240 


.0640 


1,570 


" 10, 














8:30 


.0080 


.0400 


1,672 


" 10, 














9:44 


.1400 


.1440 


1,460 


«* 10, 














10:15 


.1080 


.0560 


1,509 


" 11, 














8:30 


.1620 


.0640 


1,668 


" 11, 














9:46 


.0120 


.0660 


1,619 


" 11. 














10:19 


.0620 


.0920 


1,589 


•* 12, 














8:30 


.0400 


.0680 


1,660 


" 12, 














9:50 1 


.0440 


0680 


1,612 


" 12, 














10:11 ! 


.1820 


.1000 


1,458 


" 13, 














8:80 ' 


.0800 


.0560 


1,580 


" 18, 














9:52 


.0720 


.1720 


1,639 


" 14, . 












9:50 ' 

1 


.0280 


.0920 


1,680 
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The analyses given in Table No. 8 are from samples collected off 
Moon Island, from stations 1 to 14 inclasive. The samples were 
collected as near to the surface as was possible. Every sample col- 
lected on this day showed upon analysis the presence of a consider- 
able amount of sewage. The first sample was taken before the 
reservoir discharge, and the traces of sewage found in it were evi- 
dently due to a previous discharge of sewage. Samples taken im- 
mediately after the reservoir discharge, from the area included by 
stations 1 to 14, about 1,000 acres, showed a considerable percentage 
of sewage. Some of them contained 30 per cent, as much organic 
matter as the average sewage of September. Those taken one hour 
and forty-five minutes after the beginning of the reservoir discharge 
showed that there was still an appreciable amount of sewage in the 
water over nearly the entire area. The amount of sewage discharged 
during the entire day was about 100,000,000 gallons ; and, as the 
reservoir capacity at that time was only about 22,000,000 gallons, it 
is evident that there must have been a continuous discharge during 
part of the day. 



Table No. 9. — Series of Samples collected June 9, from Moon Island. 

High Tide at 3 : 15 p.m. ; Direction of Wind, North-west; Reservoir discharged at about 

3:45 P.M. 

[Chemical analysis, parts per 100,000.] 

















Time. 


Ammonia. 




STATION. 






Chlorine. 






Free. 


Albuminoid. 










Station 1, 


3:45 


.1360 


.1240 


1,680 


" 1. . 














5:00 


.1240 


.1200 


1,480 


" 1, 














6:45 


.0920 


.1360 


1,458 


" 1. 














6:45 


.1520 


.1040 


1,338 


" 2, 














3:45 


.0320 


.0640 


1,658 


•• 2, 














. 5:00 


.2340 


.1320 


1,369 


" 2, 














6:45 


.2200 


.1400 


1,290 


" 8, . 














3:45 


.3160 


.1640 


1,429 


" 8, 














5:00 


.2440 


.1280 


1,370 


" 3, 














5:45 


.2200 


.1720 


1,218 


" 4. 














1 3:45 


.1200 


.2160 


1,304 


" 4, 














5:00 


.3200 


.1720 


1,318 


" 4. 














5:45 


.2400 


.1520 


1,230 


" 6, 














3:45 


.3400 


.1680 


1,392 


*' 5, 














4:10 


.2720 


.1600 


1,392 


- 5, 














6:05 


.1240 


.1520 


1,450 


*• 5, 














5:50 


.3200 


.1480 


1,136 


'* 6. 














3:45 


.7200 


.1920 


1,178 


•' 6, 














6:00 


.2960 


.1400 


1,256 


V ^» 














6:00 


.0920 


.1000 


1,460 


« 6, 














6:00 


.0280 


.0680 


1,602 


« 6, 














6:00 


.4000 


.1520 


1,170 


I 














3:45 


.8800 


.2960 


917 


*' 7, . 














6:00 


.3960 


.1890 


1,169 


!' • 














3:45 


.6000 


.2880 


1,178 


. ®' ' 














6:00 


.1660 


.1040 


1,310 


*• 8, 














6:00 


.4600 


.2800 


992 


!; ®' ■ 














3:45 


.0440 


.0720 


1,620 


! 9, . 














6:00 


.0200 


.0360 


1,580 


" 9, . 














6:00 


.0320 


.0600 


1,569 


" 9, 














7:00 


.0200 


.0560 


1,530 


" 10, 












4:15 


.8400 


.3360 


938 
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Table No. 9 — Concluded, 

[Cbemioal analysis, parts per 100,000.] 

















Time. 


AXXONIA. 




STATION. 


Free. 


Albnminoid. 


Chlorine. 


Station 10, 
" 10, 

" 11. 

" 11. . 

" 11. . 

" 11. . 
" 12, . 

•* 12, 
" 12, . 
« 18, 
*• 13, 
•• 13, 
** 13. 
" 14, 
" 14, . 
" 14, 
" 15, 
" 15, 
" 16, 
" 15, 
" 16, . 
** 16, 

" 16. 
" 17, 
** 17, 
" 17, 






1 








6:05 
6:56 
4:25 
6:00 
6:00 
6:45 
4:05 
6:10 
6:45 
4:00 
6:20 
5:45 
6:55 
3:50 
4:30 
6:10 
4:00 
5:00 
6:05 
7:00 
4:05 
4:45 
6:15 
3:45 
5:10 
6:00 


.4600 
.1480 
.0400 
.1000 
.0080 
.0320 
.1040 
.0960 
.1420 
.0680 
.0620 
.4120 
.1000 
.1280 
.0240 
.0720 
.0280 
.0260 
.0160 
.0280 
.0280 
.0230 
.0280 
.0320 
.0240 
.0440 


.1800 
.1080 
.0720 
.0760 
.0720 
.0920 
.0880 
.0760 
.0960 
.0760 
.1120 
.1600 
.0760 
.0720 
.0920 
.0720 
.0600 
.0720 
.0641 
.0560 
.0440 
.0840 
.0920 
.0840 
.0440 
.0440 


1,408 
1,367 
1,571 
1,402 
1,508 
1,520 
1,592 
1,640 
1,472 
1,618 
1,659 
1,641 
1,648 
1,819 
1,616 
1,644 
1,699 
1,652 
1,627 
1,653 
1,607 
1,620 
1,628 
1,650 
1,650 
1,641 



The analyses given in Table No. 9 are from samples collected off 
Moon Island, as near the surface as possible. Some of these samples 
were taken from stations 14, 15, 16 and 17, nearer Quincy Bay than 
any samples collected daring the previous series. 

A sample was collected at each station about thirty minutes before 
the discharge from the reservoir began ; others were collected at each 
station, fifteen minutes, one hour, and from the edge of the area one 
and one-half hours, after the beginning of the reservoir discharge. 
They show that before the reservoir discharge the sewage field ex- 
tended over the entire area covered by these stations, and also a con- 
siderable distance beyond station 1. This was due to a previous 
continuous discharge. Where the area was plainly marked and dense, 
the surface water contained from 10 to 25 per cent, of sewage. This 
percentage increased considerably after the reservoir discharge, until 
the surface water over a portion of the area contained from 30 to 40 
per cent, as much organic matter as the average September sewage. 
The area covered on this day was about 800 acres. The reservoir 
was discharged at 5 : 30 p.m. and the last samples were collected about 
7 P.M. ; and at this hour the surface water over almost the entire area 
contained about 11 per cent, of sewage. 
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Table No. 10. — Series of Samples collected June 10, from Moon I.sla?id 

Area, 

High TidA at 9:36 a.m.; Direction of Wind, East; Keservoir discharged at about 

10:15 A.M. 

[Chemical analysie, parts per 100,000.] 











Time. 






Ammonu. 




STATION. 


Depth. 






Chlorine. 








Free. 


Albuminoid. 




Station 1, . . . . 


12:55 


Surface, 


.0620 


.0380 


1,578 • 


" 1 . 








12 : 56 


1 foot, . 




.0720 


.0300 


1,620 


" 1 . 








2:35 


Surface, 




.0260 


.0440 


1,620 


" 1 . 








2:35 


1 foot, . 




.0280 


.0260 


1,632 










12:50 


Surface, 




.0340 


.0360 


1,587 


" 2, . 








12:60 


1 foot, . 




.1200 


.0340 


1,631 


" 3, . 








12:50 


Surface, < 




.0340 


.0320 


1,622 


" 3, . 








12:50 


1 foot, . 




.0340 


.0380 


1,596 


" 3. . 








2:10 


1 foot, . 




.0360 


.0360 


1,712 


•• 4. . 








12:50 


Surface, 




.0220 


.0300 


1,527 


" 4, . 








1 12 : 50 


Ifoot, . 




.0160 


.0380 


1,575 


" 6, . 








12:40 


Surface, 




.3500 


.1120 


1,360 


" 5, . 








12:40 


1 foot, . 




.0840 


.0700 


1,478 


" 6. . 








3:55 


Surface, 




.0100 


.0280 


1,620 


" 5, . 








3:55 


1 foot, . 




.0100 


.0280 


1,652 


" 6, . 








12:40 


Surface, 




.0400 


.0520 


1,531 


" 6, . 








12:40 


Ifoot, . 




.0720 


.0500 


1,500 


•• 7, 








12:40 


Surface, 




.1540 


.0660 


1,415 


" T, 








12:40 


1 foot, . 




.1340 


.0600 


1,525 


*' 7. 








4:05 


Surface, 




.0160 


.0360 


1,672 


" 7 








4:05 


1 foot, . 




.1220 


.0340 


1,604 


♦• s; . 








12:35 


Surface, 




1.1600 


.2440 


942 


" 8, . 








12:35 


1 foot, . 




.0420 


.0440 


1.528 


" 9, . 








12 : 35 


Surface, 




.0100 


.0200 


1,558 


** 12, , 








2:05 


Surface, 




.0500 


.0360 


1,620 


" 12, 








2:05 


1 foot, . 




.0500 


.0360 


1,625 


" 38, 








2:10 


Surface, 




.0080 


.0260 


1,652 


" 14, . 








2:00 


Surface, 




.0060 


.0200 


1,643 


" 14 . 








2:00 


1 foot, . 




.0060 


.0340 


1,642 


«* 16, . 








1:30 


Surface, 




.0100 


.0200 


1,670 


" 16. . 








1:30 


1 foot, . 




.0120 


.0320 


1.690 


" 16, 








1:30 


6 feet, . 




.0100 


.0300 


1,612 


" 16, 








1:35 


Surface, 




.0040 


.0420 


1,628 


" 16, . 








1:35 


1 foot, . 




.0600 


.0420 

1 


1,600 



Table No. 10 — Concluded, 

[Chemical analysis, parts per 100,000.] 



STATION. 



If 
i< 
«i 
fi 
i( 
«( 
ft 
(« 

If 

ft 
(f 
(t 

<f 



Location. 



Time. 



Depth. 



Station 1, . 
" 2, . 

3, . 

4, . 
6, . 

?'• 

s;: 

9, . 
10, . 



11,. 

12, . 

13, . 
14.. 

16, . 



Off Moon Island, in sewage area, . 
Off Moon Island, outside sewage area, . 

QuincyBay, 

QuincyBay 

Middle of Quincy Bay, .... 
Middle of Quincy Bay, .... 

Middle of Quincy Bay 

QuincyBay, 

Quincv Bay, 

Near Quarantine Rocks, outside sewage 

area, 

Near Quarantine Rocks, within sewage 

Between Ralnsford and Long Islands, . 

Off Spar Buoy No. 3 

Between Fort Warren and Ralnsford 

Island, within sewage area, 
Between Fort Warren and Ralnsford 

Island, outside sewage area, 



11:30 
11:30 
11:45 
11:45 
11 : 56 
11 : 55 
11:55 
12:05 
12:05 



12 : 15 



12:18 
2:50 
3:00 

3:07 

3:10 



Surface, 
Surface, 
Surface, 
1 foot, . 
Surface, 
1 foot, . 
6 feet, . 
Surface, 
1 foot, . 

Surface, 

Surface, 
Surface, 
Surface, 

Surface, 

Surface, 



AMMOmA. 



Free. 



.0800 
.0100 
.0220 
.0100 
.0040 
.0100 
.0280 
.0040 
.0060 

.0060 

.0200 
.0060 
.0280 

.0100 

.0060 



Albu- 
mlnold. 



.0620 
.0220 
.0300 
.0180 
.0200 
.0200 
.0320 
.0260 
.0300 

.0260 

.0640 
.0340 
.0200 

.0200 

.0100 



a 
.2 



1,560 
1,665 
1,663 
1,663 
1,600 
1,630 
1,665 
1,665 
1,662 

1,625 

1,625 
l,6i8 
1,665 

1,634 

1,640 
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The volume of sewage pumped to Moon Island on June 16 was 
about 86,000,000 gallons, or 21,000,000 gallons more at each tide 
than the reservoir capacity. The analyses show that traces of sewage 
could be found at many of the stations two hours and twenty minutes 
after the beginning of the resei-voir discharge, but the observations 
showed that this area was nearly free from sewage thirty minutes 
later. Samples were taken when the area was fairly clean from sew- 
age particles in suspension, to ascertain what percentage of organic 
matter would be shown by chemical analyses. Samples taken between 
Rainsford and Long islands, off Spar Buoy No. 3, in the sewage area, 
and between Fort Warren and Rainsford Island, in the sewage area, 
contained more than twice the organic matter found in a sample taken 
outside the sewage area, between Fort Warren and Rainsford Island. 
These special samples, taken at the extreme limits of the sewage 
area, contained but a small amount of sewage, — not more than 3 to 
5 per cent, as much organic matter as the average sewage of Septem- 
ber. Samples taken at the edge of Quincy Bay showed a very slight 
increase of organic matter over that found in normal harbor water. 



Table No. 11. — Series of Samples collected June 23, from Moon Island 

Area, 

High Tide at 1 : 59 p.m. ; Direction of Wind, West ; Reservoir Discharge began at 2: 25 

P.M., and ended at 2:59 P.M. 











[Chemical analyeis, parts per 100,000.] 










Depth. 


Ammonia. 


STATION. ; Time. 






• « 


1 
1 


Free. Albuminoid. 

1 


Station 1, . 


• 


1:46 


Surface, 


.0120 


.0220 


" 1, 












3:62 


Surface, 






.0020 


.0220 


" 1, . 












3:62 


1 foot, . 






.0400 


.0400 


" a, 












2:00 


Surface, 






.0200 


.0400 


" 3, 












3:69 


Surface, 






.0120 


.0400 


" 3, 












3:69 


1 foot, . 






.0140 


.0220 


" 5, . 












1:10 


Surface. 






.0140 


.0300 


" 5, 












3:36 


Surface, 






.2980 


.1040 


" 6, 












8:36 


1 foot, . 






.1440 


.0600 


" 8, 










' 


1:10 


Surface, 






.0120 


.0440 


" 8, 












3:40 


Surface, 






.3680 


.1240 


" 8, 












3:40 


1 foot, . 






.2480 


.1100 


" 9, 












1:05 


Surface, 






.0080 


.0360 


" 9, . 












3:60 


1 foot, . 






.0400 


.0660 


" 10, . 












3:10 


Surface, 






.0240 


.0180 


" n», . 












3:10 


2 feet, . 






.0240 


.0340 


" 10, 












3:10 


4 feet, . 






.0020 


.0640 


" 10, . 












3:30 


Surface, 






.1680 


.0780 


" 10, 












8:30 


2 feet, . 






.1680 


.0700 


" 10, . 












3:30 


4 feet, . 






.1020 


.0740 


" ", 












2:10 


Surface, 






.0040 


.0240 


" n, 












3:29 


Surface, 






.0140 


.0220 


" 11, 












3:29 


1 foot, . 






.0180 


.0260 


•• 12, 












1:06 


Surface, 






.0120 


.0:i00 


" 12, 












3:39 


Surface, 






.1400 


.0620 


" 12, 












3:39 


1 foot, . 






.0880 


.0600 


" 12, 












3:50 


Surface, 






.0940 


.0460 


" 12, 












3:50 


3 feet, . 






.0260 


.0340 


" 12, 










» 


3:60 


5 feet, . 






.0200 


.0240 


" 12, 












4:30 


Surface, 






.0120 


.0260 


" 12, . 










» 


4:30 


3 feet, . 






.0080 


.0440 
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Table No. 11 — Concluded. 

[Chemical analyiis, parts per 100,000.] 













Time. 






■ 


AxxomA. 


STATION. 


Depth. 


Free. 


Albuminoid. 


StaUonl2, . 
" 13, . 
" 13, . 
" 13, . 
" 13, . 
** 18, . 
" 13, . . 

Iv 

514 • 










4:80 
3:45 
3:45 
8:45 
4:10 
4:10 
4:10 
1:40 
1:45 
1:50 
2:00 
2:00 


5 feet, . 
Surface, 
3 feet, . 

6 feet, . 
Surface, 
8 feet, . 
5 feet, . 
Surface, 
Surface, 
Surface, 
Surface, 
3 feet, . 






.0080 
.0120 
.0080 
.0040 
.0040 
.0120 
.0020 
.0120 
.0040 
.0100 
.0060 
•0080 


.0160 
.0320 
.0200 
.0220 
.0340 
.0200 
.0240 
.0280 
.0400 
.0180 
.0240 
.0240 



* Off lower end of Rainsford Island. 
X Off Long Island. 



t Half way between Long and Rainsford islands. 
§ Off upper end of Long Island. 



Some of the samples of which analyses are given in Table No. 11 
were collected before the reservoir discharge and some were collected 
afterwards. The reservoir discharge on this day was from 2 : 25 to 
2 : 59 P.M. Samples were collected before the reservoir discharge in 
places along the channel between Long and Rainsford islands, where 
the water was only slightly colored by sewage, and also where it was 
apparently only sea water. Small sewage fields were observed in 
places, with open spaces of clear water between. These were un- 
doubtedly due to a previous discharge, which had become broken up 
by the waves and currents. Particular care was again taken to ob- 
serve how far the sewage extended into Quincy Bay. A number of 
samples were taken from Stations 12 and 13. These samples were 
taken at different times and at different depths, and none of them 
contained more than 6 or 7 per cent, as much organic matter as the 
average September sewage. Deducting the amount of organic matter 
in normal harbor water, the amount of organic matter due to sewage 
was not more than 2 or 3 per cent, of the organic matter in the aver- 
age September sewage. Samples taken forty to sixty minutes after 
the end of the reservoir discharge showed that the main body of sew- 
age had passed on, and had become mixed with the harbor water to 
such an extent that only a small area around the outlet contained any 
considerable percentage of sewage one hour after the discharge. 
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Table No. 12. — Series of Samples collected August 29^ from Moon Island 

Area. 

High Tide at 8 : 59 x.u. ; Direction of Wind, South-east; Reservoir Discharge began at 

viol A.M • 











[Chemical analysis, parts per 100,000.] 








Time. 


Depth. 


1 Ammonia. 




STATION. 






Chlorine. 








f ree. 


Albuminoid.! 

1 




Station A 


11:45 


Surface, 


.0230 .0198 


1,646 


" A . 








11:46 


2 feet, . 




.0108 


.0132 


1,674 


•• A, . 








11:46 


6 feet, . 




.0124 


.0122 


1,662 


" A, . 








12:66 


Surface, 




.0246 


.0258 


1,684 


" B 








11:66 


Surface, 




.0298 


.0260 


1,628 


" B 








11:66 


2 feet, . 




.0172 


.0148 


1,664 


" c . 








12:10 


Surface, 




.0058 


.0096 


1,688 


" D . 








12:80 


Surface, 




1 .0036 


.0116 


1,700 


" 5 








11:30 


Surface, 




.1342 


.0418 


1,486 


" ft! 








11:30 


2 feet, . 




.0360 


.0192 


1,614 


" 6, 








1 11:80 


6 feet, . 




! .0078 


.0143 


1,676 


5, 








11:30 


8 feet, . 




.0074 


.0138 


1,698 


" 6. 








1:16 


Surface, 




.0160 


.0150 


1,651 


5, 








I 1:16 


2 feet, . 




.0154 


.0150 


1,660 


** 7* 

1 1 








11 : 15 


Surface, 




.3200 


.1460 


1,218 


** 7 
< 1 








! 11:16 


2 feet, . 




.0162 


.0134 


1,618 


41 y' 
1 1 








11 : 15 


5 feet, . 




.0080 


.0250 


1,674 


(( 7 








1:26 


Surface, 




.0204 


.0150 


1,626 


It T 
•» 








1:25 2 feet, . 




.0156 


.0128 

1 


1,618 



The discharge from the reservoir on August 29 began at 9 : 31 
A.M. and was finished about 10 : 45 a.m. The first samples were 
collected at 11 : 15 a.m. from Station 7, while the continuous dis- 
charge which followed the reservoir discharge was in progress. The 
surface amount contained a distinct amount of sewage, that taken 
at a depth of 2 feet contained very much less, and the sample taken 
at 5 feet was normal harbor water. Samples were collected at 11 : 30 
A.M. from Station 5, about 1,500 feet east of Station 7. The surface 
sample from Station 5 contained much less sewage than the surface 
sample collected at Station 7. The sample at 2 feet contained a slight 
trace of sewage, but the sample at 5 feet depth was normal harbor 
water. When the samples were collected from Station 5, the reser- 
voir discharge had practically passed by this point; but a narrow 
band of sewage, due to the continuous discharge, was flowing across 
the area. Samples collected at Station 5 at 1 : 15 p.m. and at Station 
7 at 1 : 25 p.m. showed only very slight traces of sewage. 

Samples were also collected on this day at Stations A, B, and D, 
outside the area of marked sewage pollution, but within the area of 
sleek, and at Station C, which appeared to be in clear sea water. 
None of these samples contained much organic matter, but those col- 
lected within the area of sleek contained three or four times as much 
oi^anic matter as the sea water sample. The area of distinctly marked 
pollution upon this day was about 763 acres. 
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Table No. 13. — Series of Samples collected September 14, from Moon 

Island. 

High Tide at 10 a.m. ; Direction of Wind, South-east ; Reservoir discharged at 10 a.m. 

[Chemical analyeis, parts per 100,000.] 













Depth. 


Amiconia. 




STATION. 


Location. 


Time. 


Free. 


Albu. 
minold. 


Chlorine. 


Btationl, 

1» • 

" I: : 

" 2, . 
" 2, . 
" 2, . 
" 3, . 
" 8, . 

ii 1 ■ 

■ I ; 


800 feet from outlet, 

300 feet from outlet, 

300 feet from outlet, 

800 feet from outlet, 

1,200 feet from outlet, 

1,200 feet from outlet, 

1,200 feet from outlet, 

1,200 feet from outlet, . 

2,000 feet from outlet, 

2,000 feet from outlet, 

2,000 feet from outlet, 

2,000 feet from outlet, 

2,000 feet from outlet, 

2,000 feet from outlet, 

3,000 feet from outlet. 




10 

10 

10 

10 

10 

10 

10. 

10 

11. 

11 

11 

11 

11 

11 

11 


•30 
:30 
:30 
•30 
•20 
•20 
•20 
•20 
•00 
00 
•00 
:30 
:30 
;40 
;50 


Surface, . 
2 feet, 
3^ feet, . 
5 feet. 
Surface, . 
2 feet, . 
^k feet, . 
5 feet, 
Surface, . 
2 feet, 
3i feet, . 
Surface, . 
2 feet,. . 
Surface, . 
Surface, . 


.5100 
.0212 
.0158 
.0118 
.2000 
.1672 
.1768 
.0280 
.1804 
.0494 
.0116 
.0932 
.0868 
.0112 
.0180 


.1700 
.0192 
.0138 
.0154 
.0972 
.0732 
.0864 
.0238 
.0880 
.0336 
.0162 
.0480 
.0432 
.0122 
.0200 


897 
1,688 
1,683 
1,720 
1,364 
1,502 
1,477 
1,692 
1,425 
1,660 
1,720 
1,581 
1,601 
1,720 
1,700 



Arrangements were made with those in charge of the Moon Island 
reservoir to discharge on September 14 only about one-half the usual 
volume of sewage, in order that a comparison might be made of the 
relative areas of sewage fields produced by two different volumes of 
sewage, one of which should be twice as large as the other. 

The rate at which the sewage advanced was shown by a collection 
of samples at the edge of the area when it reached certain definite 
points. The discharge from the reservoir was approximately at high 
water, instead of one hour after high water. No sewage was dis- 
charged continuously on this day between this reservoir discharge and 
the previous one, which took place four and one-half hours after the 
previous high tide. 

The sewage reached a point about 1,200 feet from the outlet at 
10 : 20 A.M., and samples were collected at the surface and at depths 
of 2, 3^ and 5 feet just after the sewage had passed this point. The 
surface sample contained about 20 per cent, of sewage. Those taken 
at 2, 3|- and 5 feet showed less organic matter, and the saniple at 5 
feet contained little more organic matter than normal harbor water. 

Immediately after taking these samples, others were taken 300 feet 
from thei outlet and at the same depths as before. This surface 
" sample contained much more organic matter than the surface sample 
collected at a distance of 1,200 feet from the outlet ; but the samples 
collected at depths of 2, 3|^ and 5 feet contained little if any more 
organic matter than is normally present in the harbor water. A third 
series of samples was taken at 11 a.m., at the edge of the sewage 
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area, which had then reached nearly to Station 5, 3,000 feet from the 
outlet. 

The surface sample at this place contained about the same amount 
of organic matter as the surface sample collected 1,200 feet from the 
outlet ; but the samples from depths of 2 and 3 J feet showed very 
much less organic matter than the samples collected at the same 
depths 1,200 feet from the outlet. A fourth series was taken at 
11 : 30 A.M. at the edge of the area, when it had reached Station 4. 
Both the surface sample and one taken at a depth of 2 feet contained 
about three times as much organic matter as normal harbor water, 
and were slightly turbid. 

The sewage seemed to become thoroughly mixed with the harbor 
water, and to be dissipated at about this time. Samples taken near 
Stations 3 and 2 showed little if any sewage present. The discharge 
did not reach these stations in sufficient strength to be observed, 
although it was carefully watched for. 

The sewage from a half discharge of about 11,000,000 gallons on 
this day covered a plainly marked area of 236 acres, and reached a 
distance of about 4,000 feet from the outlet before being so mixed 
with sea water as to become unrecognizable. 



Table No. 14. — Series of Samples collected October 13, from Moon Island, 
High Tide at 9:19 a.m.; Direction of Wind, East; Keservoir discharged at about 

10 A.M. 

[Chemical analyeis, parts per 100,000.] 





Location. 


Time. 


Depth. 


Ammonia. 




STATION. 


Free. 


Alhu- 
minoid. 


Chlorine. 


Stotion 1, 
" 1. . 
" 1, . 
" 2. . 

*• 2, . 
" 2, . 
" 3, . 
" 8. . 
" 3, . 
" 4. . 
" 4, . 
" 4, . 
" 6, . 
" 6, . 
" 6, . 
" 6, . 

" «, . 
" 6, . 


000 feet from outlet, . 
900 feet from outlet, . 
900 feet from outlet, . 

1,800 feet from outlet, . 

1,800 feet from outlet, . 

1,800 feet from outlet, . 

2,000 feet from outlet, . 

2,000 feet from outlet, . 

2,000 feet from outlet, . 

4,600 feet from outlet, . 

4,500 feet from outlet, . 

4,500 feet from outlet, . 

7,000 feet from outlet, . 

7,000 feet from outlet, . 
10,000 feet from outlet, . 
10,000 feet from outlet, . 
Middle of area, near float. 
At float, 


10:25 
10:25 
10:25 
10:40 
10:40 
10:40 
10:68 
10:58 
10:58 
11:15 
11:15 
11:15 
11:36 
11:36 
12:00 
12:00 
12:10 
12 : 20 


Surface, . 
2 feet, . 
6 feet, . 
Surface, . 
2 feet, . 
5 feet. 
Surface, . 
2 feet, . 
5 feet, . 
Surface, . 
2 feet, . 

5 feet. 
Surface, . 
2 feet, . 
Surface, . 
2 feet, . 

6 feet, . 
Surface, . 


.1752 
.1188 
.0196 
.2324 
.1336 
.0332 
.2600 
.1072 
.0188 
.1588 
.0630 
.0124 
.1180 
.0284 
.0408 
.0206 
.0192 
.0602 


.1412 
.0952 
.0490 
.1156 
.0904 
.0462 
.0880 
.0608 
.0178 
.0862 
.0386 
.0204 
.0628 
.0212 
.0276 
.0194 
.0248 
.0400 


1,432 
1,530 
1,789 
1,408 
1,508 
1,680 
1,384 
1,663 
1,718 
1,485 
1,688 
1,740 
1,650 
1,684 
1,688 
1,730 
1,742 
1,598 



The volume of sewage discharged on October 13 was about double 
the amount discharged on September 14. 

The first set of samples was collected at 10:21 a.m., 900 feet from 
the outlet, when the sewage had just passed that spot. The surface 
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Bample contained about 22 per cent, of sewage, the sample from a 
depth of 2 feet about 15 per cent., and that from a depth of 5 feet 
about 7 per cent. 

A second set of samples was collected at 10:40 a.m., 1,800 feet 
from the outlet, when the edge of the sewage area had just passed 
this point. The samples collected here contained slightly less organic 
matter than those collected 900 feet from the outlet, although the 
presence of sewage was still plain in the sample collected at a depth 
of 5 feet. 

A third set was collected at 10 : 58 a.m., when the sewage had just 
passed the end of Long Island, about 2,500 feet from the outlet. 
The surface sample and that collected at a depth of 2 feet contained 
a very noticeable amount of organic matter, but that collected at a 
depth of 5 feet was practically normal harbor water. The edge of 
the sewage had reached the head buoy near Station 5 at 11 : 05. 

A fourth set was taken at 11 : 15 a.m., near Station 2, when the 
sewage had just passed this point. The surface sample contained 
about the same amount of organic matter as the surface sample of 
the third set. The sample from a depth of 2 feet contained slightly 
less than the sample collected at this depth in the third series, and 
the sample taken at 5 feet was normal harbor water. 

A fifth set was collected at 11 : 35 a.m., 7,000 feet from the outlet, 
when the edge of the area had just reached this location. The sur- 
face sample and that from a depth of 2 feet showed distinct sewage 
pollution. 

A sixth set was taken at 12 m., in the edge of the area, fully 10,000 
feet from the outlet. The samples taken here showed very little in- 
crease in organic matter above normal harbor water, except that the 
free ammonia was considerably higher. The water was passing 
rapidly through this channel and was plainly colored with sewage, 
but this color seemed to disappear within a few feet of this point. 
The sewage passed on both sides of Eainsford Island on this day, 
and samples collected at about the same distance from the outlet 
showed about the same amount of organic matter in either channel. 

A float was thrown out at 10 : 20 a.m., directly after the beginning 
of the reservoir discharge. The edge of the sewage was 100 feet 
ahead of the float at 10 : 30 a.m. When the sewage had reached 1,800 
feet from the outlet, at 10 : 40 a.m., the float was about 450 feet behind 
the edge of the sewage area ; at 10 : 58 a.m. the float was about 600 
feet behind the edge of the sewage. At the time of the collection of 
the last samples, when the sewage was disappearing and becoming 
lost to observation, the float was still about 600 feet behind the edge 
of the area. About 750 acres were covered by the discharge. 



I 

^ 
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Table No. 16. — Series of Samples collected September 2, from Deer 

Island. 

High Tide at 12 :25 f m. ; Direction of Wind, East. 
[Chemical analysis, parts per 100,000.] 



STATION. 



Location. 



Time. 



I>epth. 



SUtionl, . 
" 1 

■*» • 
1, . 

2, . 
2,. 
2.. 

3, . 
3,. 

4, . 
5,. 



(I 
i< 
<i 
If 
ft 

4( 
(I 
«( 
il 

«< 
It 
l« 



6,. 
7,. 



At outlet, 

At outlet, 

At outlet 

At outlet, 

100 feet from outlet, 

100 feet from outlet, 

100 feet from outlet, 

900 f oet from Deer Island Light, 

900 feet from Deer Island Light, 
1,800 feet from Deer Island Light, 
One-third way from Red Buoy No. 

4 to Deer Island Light, 
At limit of visible area of sleek, . 
Red Buov No. 4, . . . . 
Btraiffht line between Boston Light 

and Deer Island Light, 



11:10 
1:45 
1:45 
1:45 



Sorfaee, 
5 feet, . 
Surface, 
2 feet, . 
Surface, 
2 feet, . 
5 feet, . 
Surface, 
2 feet, . 
Surface, 

Surface, | 

Surface, 

Surface, 

Surface, 



Ammokia. 



Free. 



Albu- 
minoid. 



.2800 
.0110 
.5000 
.4300 
.0748 
.0806 
.0068 
.0810 
.0200 
.0132 

.0072 
.0056 
.0074 

.0136 



.1000 
.0146 
.1900 
.1540 
.0322 
.0218 
.0192 
.0222 
.0178 
.0180 

.0138 
.0082 
.0066 

.0132 



Chlorine. 



1,312 
1,789 
1,494 
1,562 
1,632 
1,722 
1,780 
1,770 
1,778 
1,780 

1,726 
1,78» 
1,776 

1,780 



High water on September 2 was at 12 : 30 p.m. The first five sta- 
tions, those at the outlet, and 100, 900, 1,800 and 3,000 feet from 
the outlet, were considered to be on a line extending through the 
densest part of the sewage field. At only 100 feet from the outlet 
the surface sample contained but .0748 parts free, and .0322 parts 
albuminoid ammonia. The samples taken at depths of 2 and 5 feet 
contained proportionately less. At 900 feet from the outlet slight 
traces of the sewage were found at the surface, and at a depth of 2 
feet ; but at 1,800 feet from the outlet, sewage was hardly to be per- 
ceived, even by the thin layer of sleek. The volume of sewage dis- 
charged on this day was about 40,000,000 gallons, and the area 
covered when the samples were taken was about 350 acres. 

Table No. 16. — Series of Samples collected October 4, from Deer Island 

Area. 

High Tide at 2 : 11 p.m. ; Direction of Wind, West. 
[Chemical analysis, parts per 100,000.] 











Time. 


Depth. 


Ammonia. 




STATION. 


Location. 


Free. 


Albu- 
minoid. 


Chlorine. 


Station 1, 

" 1: ■ 




At outfall. 
Near float. 
Near float, 
Near float, 
Near float. 
Near float, 
Near float. 
Near float. 
Near float. 
Near float. 




2:05 
2:20 
2:20 
2:35 
2:35 
2:50 
2:50 
3:05 
3:05 
3:20 


Surface, 
2 feet, . 
Surface, 
2 feet, . 
Surface, 
2 feet. . 
Surface, 
2 feet, . 
Surface, 


1.2000 
.2284 
.0286 
.1848 
.0842 
.1082 
.0508 
.0350 
.0180 
.0282 


.6400 
.1484 
.0294 
.0972 
.0316 
.0576 
.0292 
.0312 
.0260 
.0210 


1,315 
1,636 
1,734 
1,680 
1,705 
1,709 
1,726 
1,722 
1,740 
1,739 
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High tide on October 4 was some minutes earlier than 1 : 56 p.m., 
the time given in the tide tables. A float was thrown oat at the oat- 
let at 2 : 05 f.m., and a sample was taken at the same time and place. 
The analysis of this sample showed that it contained more organic 
matter than the sample collected at the oatlet on September 2. The 
reason for this might be merely that this sample was taken more 
nearly iu the thread of the current. The float on this day followed 
almost a direct line from Deer Island Light to Boston Light. Samples 
were collected near the float, at the surface, and at a depth of 2 feet, 
at flfteen-minute intervals during one hour and fifteen minutes. 
When the float had travelled fifteen minutes, and was about J of a 
mile from the outlet, the surface sample contained only 20 per cent, 
as much organic matter as the sample taken directly over the outlet, 
and there was a steady decrease in the organic matter from this point 
onward. One hour after the float was thrown out it had moved J of 
a mile from the outlet. The sample taken at the surface at this 
place contained more organic matter than was found in the sample 
taken on this day outside the sewage area, but there was little if 
any difference in the appearance of these two samples, when seen in 
glass bottles. 



Tablb No. 17. — Series of Samples collected October 24, from Deer Island 

Area, 

High Tide at 6 : 22 a.m. ; Direction of Wind, South-west. 
[Chemical analysis, parts per 100,000.] 







Location. 


Time. 


Depth. 


Ammonia. 




STATION. 


Free. 


Albu. 
minoid. 


Chlorine. 


Btation 1, 




At outlet 

600 feet from outlet, . 

600 feet from outlet, . 
1,000 feet from outlet, . 
1,000 feet from outlet, . 
3,400 feet from outlet, . 
8,400 feet from outlet, . 


1:50 
2:35 
2:35 
2:45 
2:45 
2:55 
2:55 


Surface, 
Surface, 
2 feet, . 
Surface, 
2 feet, . 
Surface, 
2 feet, . 


1.6800 
.4300 
.0904 
.0620 
.0416 
.0132 
.0206 


.9840 
.2100 
.0832 
.0380 
.0312 
.0150 
.0188 


731 
1,445 
1,647 
1,680 
1,662 
1,702 
1,696 



The samples collected on October 24 were taken on the incoming 
tide. Sewage was being discharged on this day at the rate of about 
48,000,000 gallons per twenty-four hours. Low tide was at 11 : 53 
A.M. Samples were taken and the area was outlined when the tide 
was coming over the bar connecting Deer Island and Deer Island 
Light, and the sewage was flowing towards Governor's Island. A 
sample taken directly over the outlet, at 1 : 50 p m., contained .98 parts 
of albuminoid ammonia per 100,000 parts. Samples were collected 
at 2 : 35 p.m., in the middle of the sewage field, which was then 500 
feet from the outlet. The surface sample contained about 20 per 
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cent, as much organic matter as the sample taken over the outlet. 
At 2 : 45 P.M. samples were collected on the same line, 1,000 feet from 
the outlet. The surface sample contained only about 4 per cent, as 
much organic matter as the sample taken directly over the outlet, and 
the sample from a depth of 2 feet contained still less. Samples were 
collected at 2 : 55 p.m., at what appeared to be the limit of the area, 
about 3,000 feet from the outlet. The surface sample at this point 
was found to be practically normal harbor water. The one from a 
depth of 2 feet contained slightly more organic matter than the sur- 
face sample. The limits of the area of plainly marked sewage pollu- 
tion upon this day was about 175 acres. 

Respectfully submitted, 

H. W. CLARK. 
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